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PREFACE
I
T may be eafily perceived by the title of this

work, that it is not offered to the public as a

finifhed piece on the fubjeft. To treat of the

theory and pra&ice of ele&ricity, in the fulleft

manner, would require a larger treatife, and em-

ploy more time than I can devote to a work of

this kind.

The fcience of electricity is now generally ac-

knowledged to be ufeful and important; and

there is great reafon to think, that at a future

period it will be looked up to as the fource from

whence the principles and properties of natural

philofophy muft be derived. It’s utility to man

will not be inferior to it’s dignity as a fcience.

I have not attempted to trace eleClricity from

it’s firft rude beginnings, or to follow the mind

of man in it’s various and irregular wanderings,

in fearch of the laws by which it ads, and the

fource from whence it is derived, as this has been

fowell executed by Dr. Prieftley. Our view of

things is fo circumfcribed, and the myfleries of

nature fo profound, that it is not eafy for us to

determine, whether the received theory is founded

on the bafis of truth, and conformable to nature,

a ? or



VI PREFACE.
or whether we {hall be confidered, by future phi-

lofophers, as mere children, amufed and fatis-

fied with imperfect opinions and ill-digefted

theories. When a variety of things are mixed

together, which have little or no connection, they

naturally create confufion. It has been my en-

deavour, in the following eBay, to colleCt and

arrange, in a methodical and concife manner,

the efiential parts of eleftncity, by thefe means

to render it’s application eafy, pleafant, and ob-

vious to the young praftitioner ; and by bring-

ing together experiments of the fame kind, make

them mutually illuftrate each other, and thus

point out the ftrength, or difeover the weaknefs,

of the theories that have been deduced from

them. Though the nature and confined limits

of my plan did not admit of much variety of ob-

fervation, or a formal enumeration of every par-

ticular, yet few things, I hope, of ufe and im-

portance have been omitted.

As I do not wifh to incur the imputation of

plagiarifm, I with pleafu're acknowledge the af-

fifiance I have received from the different authors

who have written on this fubjedt. I have ufed an

unreferved freedom, in feleding from their works

whatever I found to anfwer my purpofe. I am

particularly obliged to Sir Jofeph Banks, for his

politenefs in lending me “ Les Memoires de

u 1’Aca-

t
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rAcademiede Berlin,” for 1780, at a time when

I could not procure them cl fewhere.

The various interruptions and avocations, from

which, as a tradefman, I cannot be exempt, will,

I hope, induce the reader to make lome favour-

able allowances for any errors which he may dif-

cover, and kindly correCt them for himfelf.

Being encouraged by the very rapid fale of the

firft edition of this work, to offer another to the

public, I have endeavoured to render it more

perfedl by fuch additions and alterations, as either

occurred to my own mind, or were fuggeffed to

me by others. The reader will find moft of the

chapters either enlarged by the addition of new

matter, or improved by a different arrangement

of the old ; more particularly, the chapters on

medical eleCtricity and the Leyden phial.—The

effay on magnetifm is alfo conliderably enlarged;

for the prefent difpofition and order of treating

it, I am indebted to the ingenious and kind hints

of Dr. Lorimcr. The additions are illuftrated

by two new plates, and an engraved ffontifpiece.

I have been engaged by my friends to prefix

an introduction to this work, in order to render

it more ufeful to thole who are not already ac-

quainted with the principles of this fcience, to

which I have fubjoined an account of the prin-

4 cipal
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cipal difcoveries that have been made in ele&ri-

city, fince the publication of thefe effays.

I beg leave to avail myfelf of this opportunity

to inform the public, that I am engaged in ar-

ranging and preparing for the prefs different

effays on the mechanical parts of mathematical

and philofophical learning, and explaining the

various ufes of the different inftruments in their

prefent date of improvement; which, I truft,

will greatly tend to facilitate the attainment of

knowledge, and accelerate it’s progrefs. For

this purpofe I have been at a confiderable expence

in colleding fuch materials as may enable me to

offer to the public fome effays on this fubjeft,

which I hope will not be found unworthy of it’s

patronage, and which I mean to publifh with all

convenient fpeed.

TABLE
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A

SUMMARY VIEW

GENERAL PRINCIPLES

ELECTRICITY.

Op ELECTRICITY, of ELECTRICS,
and NON-ELECTRICS.

HERE is a natural agent or power, gene-

rally called the electric fluid, which by
friction, or other means, is excited, or brought

into aftion.

This action is manifefted to our fenfes by what
are termed electric appearances.

Thefe appearances are— the attraction and
{epulfion of light bodies.—pencils of light dart-

o F THE

o F

b ing



Xll INTRODUCTION.
ing from the electrified body, attended with a

(napping noife on the approach of certain fub-

(lances.

Experiment.—Take a glafs tube of an inch and a half

in diameter, and about three feet long, rub this tube from

one end to the other, with the hand, or a piece of diy

filk, and it will exhibit elcftric appearances, or be excited.

The power thus brought into action will attraft and then

repel fmall light bodies ; fmall pencils of light will alfo dart

from the tube in a beautiful manner, attended with a crack-

ling noife, if the finger, or any other metallic fubllance is

brought near the tube.

Experiment.—Put your cylinder in good order, by the

rules laid down in Chap. II. ol the following Effay. Then

turn the glafs cylinder, and all the forementioned appear-

ances may be obfervcd ; but as the adtion of the cylinder is

flronger than that of the tube, the effedbs will be more vifible

in the former. In thefe two experiments the fridtion againft

the tube or cylinder has brought into action and rendered

fenfible an agent, which before was apparently dormant anq

invifible to us.

With refpedt to the eledtric matter, all fubftances may

be divided into two clafies, eledtrics, or non-eledtrics.

Electrics do not fuffer the electric matter to

pafs readily over their furfaces ;
hence they are

alfo called non-condubtors.

Non-eledtrics permit the eledtric matter to

pafs readily over their furfaces; from whence they

fire penned conductors.

Experiment.
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Experiment.—A metallic cylinder being fixed upon a

glafs fupport, and placed near the elc&ric machine, will

receive the elettric fluid from the glafs cylinder, which will

diffufe itfelf over the whole furfacc of the metallic cylinder.

It does not however readily pafs over the glafs fupport,

but is detained by it on the metallic cylinder, from whence

it may be conveyed by any metallic fubftance.

A metallic cylinder fupported by glafs, and furnifhed

with fharp-pointed wires to collea the elearicity from the

glafs cylinder, is called the prime conduaor.—It is faid to

be infulated by the glafs fupport, becaufe this obftruas the

paffage, or cuts off the communication of the elearic fluid

with the earth.

This experiment will ferve to give a general idea of the

foundation of the general divifion of all fubftances into elec-

trics and non-elearics ;
but as it is a diftin6fion which runs

through the whole bufincfs of elearicity, we fhall endea-

vour to elucidate it further, by entering more fully into the

properties by which thefe fubftances are diftinguifhed.

Electrics, or non-condudors, may have any

part of their furface rendered eledrical by fridion,

without difFufing the fame kind of eledricity to

any other part of their fubftance.

Non-eledrics, or condudors, cannot be ren-

dered eledrical by fridion, and when eledrified

by any other means, the eledricity is diffufed over

the whole of their furface, and every part thereof

exhibits the fame kind of eledricity.

Tkc partial diftribution of the ckaric fluid on non-con-

b 2 duaors
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duCtors is eafily fhewn, by only exciting one part of a glafs

plane, or a glafs tube.

The equal diffufion of this fluid is feen by the prime con*

duCtor when eleCtrified.

A condu&or eleCtrified by communication,

parts with the whole of it’s eleCtricity at once to

any conducting fubftance, (that communicates

with the earth) when brought in contaCt with it

;

ora conductor cannot be eleCtrified while it com-

municates with the earth, becaufe all the elec-

tricity is carried off by the communication.

Whereas under the fame circumftances an excited

eleCtric lofes it’s electricity only in thofe parts,

which are near the conducting fubftance, or to

which it is applied.

Experiment.—Toilluftrate this pofition, bring any con-

ducting fubltance, that communicates with the earth, in con-

taCl with the prime conductor, and it will immediately de-

prive it of all the eleCtricity it had acquired ; but if the

fame conducting fubflance is brought near the excited glafs

cylinder, it will only take off a portion of the eleCtric mat-

ter from that part to which it is applied.

4

Some conduCling fubftances are more perfeCt

than others.

Experiment.

—

The fluid will pafs more readily over 3

metal rod, than one of wood.

Among conductors, metals are the molt perfeCt ; fealing-

wax.
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wax, rofin, and glafs, arc amongft the be ft non-condu&ors.
For a lift of conducing fubftanccs, &c. fee page i6.

The eledtric fluid may be excited by fridtion,

by heating and cooling.

Experiment.—In working the ele&rical machine, this

fluid is excited by friftion. The Tourmalin ftone is ex-
cited by increafing or diminifhing it’s heat. See Chap. I. of
the following Effay, and alfo pages 339 and 368.

Of EXCITATION, and of the con-
trary STATES of the ELECTRIC
FLUID.

The excitation produced by rubbing of elec-

trics againfl: each other is very fmall.

Experiment. Rub two pieces of glafs, orfealing-wax,
together, and only a fmall degree of elcaricity will be’

obtained.

It is therefore neceffary, that the rubber Ihould be a con-
ducing fubftance, and that it fhould not be infulated.

Only a fmall quantity of electricity can be
produced, when the rubber and conductor Gf an
electiical machine are both infulated.

Experiment.—Take off the chain, which is generally
fufpended from the cufhion to the table; turn the machine,
and you will find lefs eleftricity than when the cufhion or
rubber communicated with the earth.

If
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If the rubber of an eleflrical machine be inf-

lated, and the conductor uninfulated, or made to

communicate with the earth, by hanging a chain

from it
; on turning the cylinder, the rubber will

be ftrongly electrified, and will attract and repel

light bodies, and exhibit the fame general ap-

pearances as the prime conductor.

Experiment.—Conneft an infulated conductor with

the rubber, place another before the cylinder, and both

will be ele&rified.

The condublor which is ele&rified by the cylinder will

attraft thofe bodies, which are repelled by the conduftor

that is connctted with the cufhion, and vice verfa.

If thefe conduflors are brought near each other, ftrong

fparkswill pafs between them.

If they be brought into contact, (or if they are connetted

together by a chain) the eleftricity of one will deftroy that

of the other; and though the fluid may be feen to circulate

round the cylinder, yet the two conduftors, when thus con-

joined, will exhibit few or no figns of ele&ricity.—From

thefe experiments it may be inferred,

That there are two powers in elcflricity, the

one termed pofitive electricity, the other negative

electricity ;
that thefe powers may be rendered

evident to the fenfes when they are feparated ; and

that they counteract each other when united,

the one deftroying the effedts of the other.

To render this pofition more clear, we fhall re-confider

the foregoing experiments on the two conduflors, com-

6 paring



INTRODUCTION. xvii

paring them with fimilar experiments on two condudbors

eledbrificd with the fame power. Electrify two condudbors

equally, by placing them before the cylinder, (that is, elec-

trify both pofitively) and tlie following obfervations may

be made: 1. That what is attracted or repelled by the one,

is alfo attradbed and repelled by the other ; whereas, in the

foregoing inftance, what the one attra6led, the other repel-

led. 2. That no fparks will pafs between two conductors

equally eledbrificd with the fame power, though they will

pafs continually between two eleftrified with different

powers. 3. Connedb the two condudlors that are before the

cylinder, and fparks may be taken from them, which can-

not be done from the others when they are united.

The condudbor connected with the cufhion, is faid to be

negatively elcdbrified.

The conductor placed before the glafs cylinder is faid to

be pofitively eledbrified. (a)

Thefe experiments may be eafily exhibited by one con-

dudbor, if the rubber be infulated
; by means of the two

diredbors with glafs handles, that are deferibed page 314.

Take

(a) Hence every eledbrical machine, with an infulated

rubber, may be confidered as abbing in a threefold manner.

1. As a machine producing negative elebbripity
; by

connedling the prime condudbor to the earth by a chain, and
taking the fluid from the cufhion or rubber.

2. As a machine producing pofitive ele&ricity. To ef-

fedl this, make the rubber communicate with the ground by
a chain, and take the fluid from the condudbor.

3. As communicating the adhonofboth powers at oncc^

In this cafe, the rubber and condudbor mull both be infula-

ted, and the lubflance to be eledbnfied placed between twa
diredbors connedbcd with them.
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Take ofF the chain from the cufhion, and conneft a dire&or

with it by a wire or chain, and conneft another dire&or

with the prime conduttor
; turn the cylinder, and on bring-

ing the directors near to each other, fparks will pafs from

the one to the other ; the one will alfo attraft what the

other repels, and when brought into contaft, neither of

them will exhibit any figns of ele£lricity.

The ele&ricity produced by the excitation of glafs, is

called pofitive electricity.

The ele&ricity produced by the excitation of fealing-

wax, or rofin, is called negative.

Of ELECTRICAL ATTRACTION
and REPULSION.

If two bodies be electrified, both pofitively,

or both negatively, they repel each other.

If one be electrified pofitively, the other nega-

tively, they attract each other.

A body not at all electrified will be attracted

by thofe which are electrified, either negatively

or pofitively.

Experiment.—Ele&rify a pair of infulatcd pith balls

pofitively, and they will repel each other. See page 54.

Experiment.—Ele£trify a pair of infulated pith balls

negatively, and they will repel each other.

Experiment.—A pair of infulatcd pith balls eleflrifiecj

pofitively, will attratt a pair that arc elettrified negatively,

Ewmxent,
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Experiment.—A pair of infulated pith balls elettrificd

negatively, are attracted by excited glafs, and repelled by

excited wax *, and the contrary : for if the balls are eleCtrificd

pofitively, they will be repelled by excited glafs, and attract-

ed by excited wax.

Experiment.—A pair of infulated balls in their natural

ftate are attracted both by excited glafs, and excited wax.

The repulfion of balls eleflrified pofitively is

deftroyed by the application of an equal degree

of negative ele&ricity.

Experiment.—EleCtrify two pair of pith balls equally,

but one with pofitive cleClricity, the other with negative

;

bring the cylinders by which the balls are fufpended in con-

tact, and the balls will immediately clofe.

Experiment.—EleCtrify two pair of infulated pith balls

equally with pofitive elcCtricity, bring the cylinders by
which they are fufpended in contaCt, the balls will remain

unaltered.

From thefe experiments it may be inferred, that in the

natural ftate of eleCtricity the two powers are always

united ; that they only become vifible by their reparation,

and that when feparated they manifeft themfelves by thofe

appearances which we term eleCtrical. It is highly pro-

bable, that the general phenomena of nature are carried on

by thefe powers when united, and the more particular phae-

nomena, or difeordant notes in the great fyftem of the uni-

verfe, are occafioned by the aCtion of thefe powers when
feparated, and their conftant tendency to unite. Be this as

it may, the foregoing pofitions will be found to illuftrate

c all
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all the experiments on electric attraftion, fiom whichwe
have feledled the following, as fome of the moft pleafing.

Experiment.—Light feathers, hair, 8cc. connedted with

the condudtor, are, when eledtrified, attrafted by any non-

eledtric body.

Experiment.

—

The hair of any perfonthat is eledtrified

bccomesrepellent.

Experiment.

—

Down feathers, bits of leaf gold, paper

images, and other light bodies brought near the condudtor,

are firft attradled, and then repelled.

Experiment.

—

The two outfide bells, fig. 17, commu-

nicate by a chain with the condudtor ; the middle bells and

the two clappers arc fufpended by filk, which is a non-con-

dudtor. The eledtric fluid palfes from the condudtor to the

outfide bells, thefe attradt the clappers and impart eledtricity

to them, which they in their turn communicate to the mid-

dle bell, from whence it is conveyed by a chain to the earth.

The clappers, in receivingkxnd communicating the fluid, are

alternately attradled and repelled.

Thofe fubftances that are brought within the

influence of eledrified bodies, become poflefled

of a contrary elcdricity ; or, bodies, which are

immerged in an eledric atmofphcre, always be^

come poflefled of an eledricity contrary to that

of the body in whole atmofphere they are im-

merged.

See Experiment xviii. xix, xx, xxi» xxiii. xxiv. xxv.

©f the following Eflay,

Exp E RJME NT.



INTRODUCTION, xxi

"Experiment.— Bring a conductor (without pointed

wires) near to the glafs cylinder, whilft the machine is

working. If the conduttor be not infulated, it will be

negatively elc&rificd, till it is brought fo near as to receive

fparks from the cylinder. If the condu&or be infulated, it

will, in the fame fituation, be clettrified negatively in the

partS neareft the glafs cylinder, and pofitivcly in the parts

more remote ;
as may be feen by bringing a glafs tube, which

is pofitively elcCtrified, near a ball which is fufpended from

the conductor.

Of ELECTRIFIED POINTS.

The eledic fluid appears as a diverging dream

darting forwards into the air from a pointed

body pofitively eledrified.

It appears as a little globular ftar on a point

negatively eledrified. (<?)

Experiment.

(a) Mr. Nicholfon has Ihewn, that it is the property of

all fhort-pointed conductors rifing out of another furface

nearly plane, to give a fpark when pofitively electrified,

but none when negatively ; hence he contrived an inflru-

ment for diftinguifhing the two eleCtricitics, which is repre-

fented at fig. 10, in the plate facing the end of the fupplement.

A and B are two metallic balls, which may be placed at

different diftances from each other by means of the joint c ;

the two legs c A, cB, are of varnifhed glafs; from one of

the balls A proceeds a fhort point towards the other ball

B; a long fpark will pafs from the ball A towards B, when

C2 it
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Experiment.—Thefe appearances are to be obferved m

a dark room on the extremity of a pointed wire fixed upon
a conductor pofitively or negatively electrified; or on a

wire held in the hand, and presented to a pofitively or

negatively eleftrified conductor.

Experiment.

—

Thefe phenomena are beautifully ex-

hibited by the luminous conductor.

A current of air is occafioned from an elecflri-

fied point.

Experiment.

—

Place a pointed wire in the conductor,

and hold the hand over it when the machine is in aCtion,

a very fenfible wind will be felt by the hand.

Experiment—Stick feveral pieces of paper or card like

vanes in a cork, through the center of which a needle or

fteel pin palfes, fufpend the whole by a magnet, prefent one

of the vanes to a pointed wire inferted in the conductor,

and they will be put in motion by the current occafioned by

the point, and will turn with rapidity. See alfo experiments

lxxvii. lxxviii. lxxix. &c. of this Eflay.

A pointed wire placed on or brought near to

an electrified conductor, gradually and filently

difiipates the eleftric fluid.

It

it is pofitively electrified ; but the electricity will pafs with-

out fparks, and fcarce any noife, when it is eleCtrified nega-

tively.—Nicholfbn's Introduction to Natural Philofophy,

sd. edit. p. 320.
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It is to be obferved here, that if the point is brought with-
in certain limits, it will not difchargc the condu&or in the
manner exprefled in the foregoing pofition, but by a fuc-

ceffion of fmall explofions very quickly following each
other, which leads to the following pofition.

If an ele&rified point be fituated in fuch cir-

cumftances as to caufe the fluid to accumulate
on the conductor ; or, in other words, if it is

fo fituated, that the power of the fame name with
that of the condu&or cannot be readily difeharged
from it, it will then receive the ele&ricity from
the condu&or in the form of a flrong fpark.

Experime NT.—Placc a pointed wire on the end of a
fpiral tube, and it will take a fpark. See alfo experiment
teni. civ. and clvii, of the following ElTay.

Of THE LEYDEN PHIAL.

A glafs jar or phial coated on both fides Ex-
cept about two inches from the top) with tinfoil,
or any other conducing fubftance, is called the
Leydenjar or phial.

If one fide of this jar is eleftrified, while the
other fide communicates with the earth, it is faid
to be charged.

If a communication is formed from one fide
Of the jar to the other (by a conducing fob.
fiance) after it has been charged, an explofion

6
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will be heard, and the jar is faid to be difcharged.

A Leyden phial cannot be charged when it is

infulated ; that is, when neither fide communi-

cates with the earth.

As the apparatus reprefented at fig. 49, pi. II. is the rnofi;

ready, and bell adapted for illuflrating the phaenomena of the

Leyden phial, we {hall confine ourfelves principally to it

in this part of the prefent Summary.

Experiment.—Screw the phial with the belt on it's

infulated Hand, as at fig. 48 ; bring the coating in contaft

with the conductor, turn the machine {lowly, and after a

few turns remove the phial from the conduftor ; then form

a communication between the outfide and the infide of the

phial, by placing one end of the difcharging rod firft upon

the coating, and then bringing the other end of the rod to

the brafs ball of the bottle ; there will be no explofion, the

bottle not being charged becaufe both fides were infulated.

Experiment.—Hang a chain from the brafs ball of the

phial to the table, then bring the coating in contaft with

the conduftor, and after a few turns of the machine re-

move the phial as before; then apply the difeharger, an

explofion will be heard, and the bottle will be difcharged ;

for in this cafe, the infulation of the infide is deftroyed

by the chain, and the phial becomes capable of receiving a

charge.

As much of the cledtrical fluid is thrown off

from one fide of a jar when charging, as is com-

municated to the other.

Experiment.
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Experiment.—Place the coating of the jar, fig. 48, in

contaft with the condu&or, and the knob of another equal

fized jar (as L, fig. 49) in contaft with the knob of the firft ;

turn the machine a few times, then remove the jars from

each other, and from the condu&or ;
apply a difeharger, as

before dire&ed, firft to the one, then to the other, and you

will find them both equally charged; the infide of the

fecond phial having received from the infide of the firft, as

much of the fluid as the outfidc thereof received from the

machine. See alfo exper. lxxiv.

When a Leyden phial is charged, the two

lides thereof are in contrary ftates
;
that is, the

one is pofitively, the other negatively electrified.

Experiment.

—

Charge the jar, fig. 48, by bringing the

coating in contatt with the conduftor, and letting a chain

fall from the ball to the table. When it is charged, remove

the jar from the conductor, and the chain from the knob.

The coating of the jar will eleftrify a pair of infulated

pith balls pofitively, and the knob will elettrify a pair nega-

tively; evincing that the infide and outfide of the jar are

in contrary ftates.

Revei fc the foregoing experiment, by bringing the knob
of the jar in contact with the conduttor, and letting a chain

fall from the outfide coating to the table; charge the jar,

and remove the chain, the coating will now eleflrify the

infulated pith balls negatively, and the knob will cle&rify

them pofitively.

Experiment.

—

Charge the jar, fig. 48, pofitively ; con-

neft a director with the chain from the coating, and bring

the ball ol the direflor towards the knob of the bottle ; a

cork
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cork ball, or an artificial fpider, fufpended by a filk firing,

will play between the two balls till the bottle is difeharged,

carrying the fluid from one to the other, till it has reflored

the equilibrium.

A jar is faid to be pofitively ele&rified, when
the infide receives the fluid from the condudor,

and the outflde is conne&ed with the earth.

It is faid to be negatively eledtrified, when
the outflde receives the fluid from the condu&or,

and the inflde communicates with the earth.
(a)

The contrary ftates of the Leyden phial (hewn

by the charge and difeharge thereof.

Experiment.—Take two bottles of the fame fize, as H
and I, fig. 49, charge both pofitively, and connect the coat-

ings of each, as in fig. 43, bring the two knobs together,

and no explofion will take place, and the bottles will not be

difeharged ; becaufe the infide and outfide of each bottle is

in the fame Hate, or endued with a power of the fame kind,

and have therefore no tendency to unite. The fame happens

-if both are charged negatively.

Experiment.

—

Charge one pofitively, the other nega-

tively ; then on bringing the knobs together as before, an

explofion will take place, and both bottles will be difeharged;

in this the powers on the infide and outfide of each bottle

were of different kinds, with a ftrong tendency to unite.

In

(a) It is necefiary that ajar charging negatively fhould be

infulated, bccaufc the fluid is, in the firft inflancc, convey-

ed to the coating, and would, if uninfulatcd, be immediately,

carried to the earth.
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In the foregoing experiments it will be found very conve-

nient for the difcharge of the jars, to fcrcw the wire K or

L into the hole at the top of the infulating pillar; as the

coating of the moveable jar may be placed on this wire, and

it’s knob be eafily brought to touch the infulated jar.

The contrary hates of the fides of a Leyden phial may be

exhibited by the appearance of the eleftric light, or pointed

wires connected with the coating, or balls of the bottle;

and alfo by the different appearance thereof in vacuo. But

for thefe we fhall refer the reader to the following Efl'ay, as

the foregoing experiments are fuflicient to prove the faft.

The charge of a coated jar refides in the glafs,

and not in the coating.

Experiment.—Let a plate of glafs be placed between

two metallic plates, about two inches in diameter, fmaller

than the plate of glafs ; charge the plate of glafs, and then

remove the upper metallic plate by an infulated handle
;
take

up the glafs plates, and place it between two other plates of

metal unelettrified and infulated, and the plate of glafs thus

coated afrefh will ftill be charged.

The pafling of the eledtric fluid from one fide

of a charged jar to the other, is apparently in-

ftantaneous, through whatever length of a me-

tallic or other good conductor it is conveyed.

Experiment.—Let any number of perfons make a part

of the circuit of communication, and the fluid will pafs in-

flantaneoufly through the whole.

d The
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The difcharge of a charged jar gives a painful

fen fation, callecj the cle&ric (hock, to any animal

placed in the circuit of communication.

IF the circuit be interrupted, the fluid will become vifible;

and if refitted in it’s paflage, will leave an impreflion upon

the intermediate or refilling bodies.
(
a

)

Experiment.

—

I-et the fluid pafs through a chain, or

through any metallic bodies, placed at frnall diftances from

each other •, the fluid, in a dark room, will be vifible be-

tween the links of the chain, or between the metallic bodies»

Experiment*—If the circuit be interrupted by feveral

folds of paper, a perforation will be made through it, and

each of the leaves will be protruded by the ftroke from the

middle towards the outward leaves.

Experiment.—If fpirits of wine, or gun-powder, be

made part of the circuit, it will be fired.

The force of an electric charge does not de-

pend on the fhape of the charged furface.

Let the fame quantity of coating be placed upon a jar, and

ijpon a pinte of glafs, the elicit will be found to be nearly

the fame in each.

When the furfaces of an electric jar are char-

ged with a certain quantity of the two powers, it

is obferyed, that no additional electricity can be

communicated to them, however great an exci-

tation is applied for that purpofe.

Of

(*) Enfield’s Inftitutes of Natural Philofophy,
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Of THE ELECTRIC BATTERY.

The force of the electric charge may be in-

creafed, by augmenting the furface of coated

glafs.

The ufual method of effefting this, is to form a commu-

nication between the infide of a number of coated glafs jars,

and another communication between the external coating;

jars fo difpofed are called an electrical battery.

Fine metallic wire may be melted by a battery, fmall

animals may be killed, thick pieces of glafs be fhattered to

pieces, and other curious effects produced, the greater part

of which are deferibed in Chap. viii. of the following Elfay.

The eledtric fluid and lightning are the fame

fubftance.

Their properties and effefts are the fame ; flafhes of light-

ning form irregular lines in the air ; the eleftric fpark, when

(trong, has the fame appearance. Lightning ftrikes the

higheft and molt pointed objefts, takes in it’s courfe the

belt conduftors, fets fire to bodies, melts metals ; in which,

and many other particulars, it agrees with the phasnomena

of the electric fluid. Laltly, the lightning being brought

from the clouds to an eleftrical apparatus, will exhibit all

the appearance of the ele£tric fluid.

It is fuppofed that buildings may be fecured

from the effedts of lightning, by fixing a pointed

d 2 metallic
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metallic rod higher than any part of the building,

and continuing it, without interruption, to the

ground or neareft water.

See Cliap. ix. of the following Effay. The experiment

moft generally ufed to illuflrate this pofition, is that of the

thunder-houfe, which is a boafd fhaped like the gable end

of a houfe, and fixed perpendicularly upon an horizontal

1)0ard ; in the perpendicular board a fquare hole is made,

into which a fquare piece of wood is to be fitted, fo that it

may eafily fall out of it’s place
; a wire is fixed diagonally

into this fquare piece ; another wire, terminated with a brafs

ball, is fattened to the upper part of the perpendicular

board, with it’s ball above the board, and it’s lower end in

contact with the diagonal wire ;
in the fquare piece of wood,

a communication is continued from the other end of the dia-

gonal wire, by a wire to the bottom of the perpendicular

board. If the wires, in this ftate, are made part of a circuit

of communication, on difeharging the jar, the fquare piece

of wood will not be difplaccd
;
but if the communication be

interrupted, by changing the direftion of the diagonal wire,

the fquare piece of wood will, on the difeharge, be driven

out of it’s place. See fig. 68.

If, inffead of the upper brafs ball, a pointed wire be

placed above the perpendicular board, the difeharge may be

drawn off without an explofion.

Of a PLATE of AIR.

As the air is an eledric, it will receive a charge,

and give a fhock like any other electric fubftance.

This
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This is efFetted by means of two large boards, covered

with tin foil, the one connefted with the conductor, the

other placed parallel to it on an infulated hand
; thefe boards

may be confidered as the coatings to a plate of air ; and if

a communication be formed between them by touching the

uninfulated board with one hand, and applying the other

hand to the conductor, the fhock will be felt. See Chap,

x. of this Eftay, and Nichollon’s Introdu&ion to Natural

Phiiofophy.

<c A great part of the cleftric phenomena, arc the confe-

quence of the air being thus charged. Thus the prime con-

du£tor imparts it’s ele&ricity to the furface of air imme-

diately contiguous to it, and when the fpark is drawn, the

difeharge is made to the non-ele£trics in the room, which

arc in contact with the oppoftte furface.

“ It is a confequence of the air being charged, that

broad non-ele£tric furfaccs draw large fparks from the con-

duftor, for the fparks are the difeharges of a large plate

of interpofed air ; a lefs furface will draw a lefs fpark, be-

caufe the fame machine charges lefs furfaccs higher than

greater ; the fpontaneous difeharge through the bod)- of the

elc&ric air, will be made at a greater diftance of the fur-

faces ; that is to fay, the fparks will be longer. If the fur-

face of the prefented plate be ftillfmaller, the fparks will alfo

be fmaller, and emitted to a greater diftance
; and if the fur-

face be indefinitely fmall, or in other words, if the non-
eleftric be pointed, the fpark may be fo fmall as to be in-

viftble, and the diftance to which
.
it can be emitted, may

be unlimited.”

Of MEDICAL ELECTRICITY.

The latisfaflory experiments that have been made on this

4 head,
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head, by fome of the firft charatters in the medical line,

particularly at St. Thomas’s Hofpital, by Mr. Birch, have

eftablifhed the reputation of eleftricity in medicine, as they

have clearly proved, that when ufed by the fkilful, it is

as certain in it’s effefls as any medicine in the whole ma-

teria medica, and more extenfive in it’s application.

In medicine, it has been very judicioufly confidered as

a&ing under three forms.

i. The Fluid, which may be confidered as a fedative.

a. The Spark, or friftion, which may be ranked under

the title of a ftimulant.

3. The Shock, which may be confidered as a power-

ful deobflruent.

The fluid may be thrown upon or extra&ed

from the patient.

This is always heft effe&ed by a wooden point.

1. Infulate the patient, and conneft him with the po-

fitive conduftor ; then prefent the wcoden point of the

dire&or towards him, and it will gradually draw the fluid

from him.

2. Let the patient communicate with the ground, and

connett the metal part of the direftor with the pofitive con-

duftor, and the fluid will be gently thrown upon the pa-

tient,

3. Conneft the infulated patient with the cufhion, then

he will receive the fluid from the direttion held in the

hand.

4. Connect the direftor with the cufhion}
and the fluid

will be extratted from the patient.

Of
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Of the claftric fpark, or fridion.

What has been faid with refped to the fluid, is equally

applicable to the eledric fridion
; only here the point is to

be unferewed from the diredor, and the brafs ball ferewed

on in it’s (lead.

In the fridion, the part fhould be covered with woollen
cloth or flannel, and the brafs ball is to be applied clofe to

the flannel ; but in taking fparks, it is to be removed a
little diftancc from the body.

To increafe the denfity of the fluid, or fpark.

Fix the medical bottle to the condudor, let a chain fall

from the hook at the bottom thereof to the table, place the
electrometer on the conductor, (as it is reprefented in the
frontifpiece to this work,) let the ball of the elearometer be
placed atfome little diftance from the conduaor, and then
conned your diredor, by means of a wire, with the exterior
ball of the eledrometer; after this preparation, you may
turn the machine, and when the fluid has attained fufficient

force to pafs from the condudor to the ball of the eledro-
meter, you may apply the diredor to the patient, who will
receive a denfe flream therefrom

; the machine to be kept
turning during the operation. Or, conned an infulated pa-
tient with the eledrometer, and then, on applying the
diredor to him, you will extrad a denfe flream from him.

N. B. Whenever the diredor is ufed without being con-
neded with the condudor or cufhion, the hand fhould com-
municate with the brafs part thereof.

To
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To pafs a ftream of the elecftric fluid through

any part of the body, without giving the fhock.

1. Conned one diredor with the cufhion, and another

with the condudor; place the part, through which you

want the ftream to pafs, between the directors.

N. B. The denftty of this ftream is augmented, if the

bottle is fufpended agreeable to the diredions in the prece-

ding article, and one diiedor joined to the eleClrometer.

2. Infulate the patient, and apply a director that com-

municates with the condudor, (or with the eledrometer and

bottle] to one part, and a brafs ball to the other.

To give the fhock,

Sufpend the bottle from the conductor, put the electro-

meter in it’s place, (fee the plate that faces the title-page of

this work) and remove the inner ball a fmall diftance from

the conduftor ; then conneCt one direCtor by a wire with

the hook at the bottom of the bottle, and the other with the

exterior ball of the cleClrometer ; the part through which

the fhock is to pafs, muft be placed between thefe balls ;

there will be a fhock every time the fluid has acquired fuffi-

cient force to pafs from the condudor to the eledrometer.

To give a quick vibratory fenfation, not fo

pungent as the fhock, though ftronger than the

fpark.

The directions in the preceding article apply immediately

to the prefent, with only this difference, the ball of the

elcCtrometcr may be removed further off, and the long wire

is tp be taken out of the tube of the bottle.
1 1 » .« . / i » i

Of



INTRODUCTION. XXXV

Or ATMOSPHERIC ELECTRICITY.

The atmofphere is always electrified, fomc-

times negatively, but moft commonly with

pofitive electricity. In ferene weather, the

eledricity is always pofitive, and the quantity is

proportional to the quantity of moifiure.

Hail is always accompanied with elearicity.

Rain generally fo.

Low and thick fogs ftrongly elearical, though generally

more fo after a frolt.

In fummer, the elearicity of the atmofphere is very weak;
it grows Wronger at fun-rife, and increafcs in ftrength with
the elevation thereof; at fun-fet it again becomes weaker.
Impetuous winds generally lelfcn the force of the atmo-

fpheric elearicity.

A ftrong elearicity often rifes with the dew, particularly

jf the fcafon is cold, the fky clear, and very little wind.

Of a VACUUM.

Air rarified to a certain degree, permits the

eledric fluid to pafs eafily through it.

As the air is a non-condua0 r, it refills the motion of ihe
elearic fluid

; therefore, the removal of it facilitates the ef-

fort this fluid makes to efcapc from the fubjea on which it

is tlnown
; at the fame time it is highly probable, that it is

by means of the vapour which expands itfclf when the pref-

e fur?
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fure of the atmofphere is taken off, that the ele£tric fluid is

condu&ed through the vacuum ; for there is reafon to think,

that electricity always requires a conductor, to make it pafs

from one body to another ; and this is farther confirmed by

thofeexperiments, which fhew that a more perfect vacuum of

air is a non-condu£tor, which will be fhewn in the Supple-

ment.

Experiment.-—Let a vacuum be made part of the cir-

cuit in difcharging a Leyden phial.

Experiment.

—

Let a jar be charged in vacuo a

A sup
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SUPPLEMENT
TO THEESSAY

O N

ELECTRICITY.
Containing an Account of the Principal
Disc o v e r i e s made in that Science,

fince the Publication of the firlf Edition.

An Extra® from Mr. De Sauffure’s Inquiries and
Obfervations on Atmofpherical Electricity, (a)

HP H E ele&rometer ufed by Mr. De Sauflure is nearly theX fame as that of Mr. Cavallo’s, which is defcribed in
my Elfay, at page 260, and at fig. 76. The following are
the moll material circumftances in which they differ

j firfl,

the

(a) This eleftrometer maybe ufedinftead of the condenfer
of M. Volta, by only placing it on a piece of oiled filk,

fomewhat larger than the bafe of the inftrument; but in this

cafe, it is the bafe, and not the top of the inftrument, which
muft be brought into contact with the fubftance whofe elec-

tricity is to be explored,

Efe 2
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the fine wires, by which the balls are fufpended, fiiould not

be long enough to reach the tinfoil which is palled on the

infide of the glafs, becaufe the eleftricity, when ftrong, will

caufe them to touch this tinfoil twice confecutively, and

thus deprive them in a moment of their eleftricity. To pre-

vent this deleft, and yet give them a fufficient degree of

motion, it is neceffary to ufe larger glades than thole that are

generally applied to Mr. Cavallo’s eleftrometer
;
two or three

inches diameter will be found to anfwer the purpofe very

well. But as it is necclTary to carry off the eleftricity which

may

By this inllrument, it is eafy to afcertain the degree of

condufting power in any fubftance. For example, if it is

placed on an imperfeft conduftor, as dry wood or marble,

and if the inllrument is eleftrified ftrongly, and after-

wards the top is touched, the eleftricity will appear to be

dcflroyed
;
but on lifting up the inllrument by the top, the

balls will again open, becaufe the imperfeft conduftor

formed with the bafe a kind of eleftrophorus, by which

the eleftric fluid was condenfed, and loll it’s tenfion, till

the perfeft conduftor was feparated from the imperfeft one ;

whereas, if the conduftor had been more perfeft, it would

have been deprived of it’s eleftricity immediately on the ap-

plication of the hand.

It is eafy to difeover alfo, by this inllrument, the eleftricity

of any fub fiance, as of cloaths, hair of different animals,

&c. For this purpofe, it mull be held by the bafe, and the

fubftance rubbed brifkly (only once) by the ball of the elec-

trometer ; the kind of eleftricity may be afeertained in the

ulual manner. It is proper, however, to obferve here, that

as the top of the eleftrometer afts in this cafe as an infulated

rubber, the eleftricity it acquires is always contrary to that

eif the rubbed body.
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may be communicated to the infide of the glafs, and thus be
confounded with that which belongs to thole fubftances that

are under examination
; four pieces of tinfoil fhould be

palled on the infide of the glafs,; the balls fhould not be
more than i-20th of an inch diameter, fufpended by lilvef

wire, moving freely in holes nicely rounded. The bottom
of the electrometer fhould be of metal

; for this renders it

more eafy to deprive them of any acquired eleftricity, by
touching the bottom and top at the fame time, (b)

In oidcr to colled a great quantity of ele&ricity from the
air, the ele&rometer is furnifhcd with a pointed wire,
inches, or two feet long, which unferews in three or four
pieces, to render the inllrumcnt more portable

; fee fig. 4.
V\ hen it rains or fnows, the fmall parapluie, fig. 5, is to be
ferewed on the top of the inflrument, as by this it’s infulation
is preferved, notwithflanding the rain.

This inflrument indicates not only the electricity of fogs,
but that alfo of ferene weather, and enables us to difi over
the kind ol ele&ricity which reigns in the atmofphere

; and
to a certain degree, to form an eflimate of it’s quantity,
and that under two different points of view, the degree of
intenlity, and the dillance from the earth at which it firlt
begins to be fenlible.

A conductor (c) exhibits figns of ele&ricity, only when
the eleCtric fluid is more or lefs condenfed in the air, than
in the earth. Though the air refills the paffage of the eiec-
tnc fluid, it is not abfolutely impermeable to it; it fuffers^ topafs gradually, and generally with more eafe in pro-
portion as it’s mafs or thicknefs is lefs. It is therefore in-

*
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terefting to difcover at what height it is neceffary to be

elevated, in order to find a fenfible difference between

the eleCtricity of the earth, and that of the air. A very

fenfible difference may be generally difcovcred by this in-

flrumcnt, at the diflance of four or five feet from the

ground ;
fometimes it may be feen if the inftrument is

placed even on the ground, while at others, it muff be

raifed feven or more feet before the balls will open; fome-

times, though feldom, this height is not fufficient. This

diflance is generally greatefl when the eleCtricity is ftrong-

eft, though neceffarily modified by a variety of circum-

ftances, fome of which are known, as the degree of dry-

nefs or humidity of the air, and others are unknown.

The degree of intenfity, at a given height, may be difeo-

vered thus ; raife the eleCtrometer, and judge by the divi-

fions which are placed on the edge thereof, the degree of

their divergence. To find the relation between this degree

of divergence, and the force of the eleCtricity, M. De

Sauffure took the following method, as he could not with

certainty double or triple a given quantity of eleCtricity;

yet, as a given force may be reduced one half, a fourth, of

eighth, &c. by dividing it between two equal and fimilar

bodies, the eleCtricity contained in one ; he took two of his

unarmed electrometers, which were as fimilar as poflible,

and eleClrified one of them, fo that the balls feparated pre-

cifely 6 lines ;
he then touched the top thereof by the top

of that which was not eleCtrified; in an inftant the eleCtri-

city was equally divided between them, as was evident by

the divergence of the balls, which was 4 lines in each ;

confequently, a diminution of half the denfity had only

leffened the divergence one third. One of thefe electro-

meters was then deprived of it’s eleCtricity, and was after-

wards brought in contaCt with the other, as before j the fe-

4 maining
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znaining elettricity divided itfelf again between them, and

the balls fell from 4 to 28 lines, nearly in the fame propor-

tion as before ; in the third operation they fell to 19 ; in

the fourth to one, where he was obliged to flop, as there

was not now fufficient force in the fluid to pafs from one
ele&rometer to the other, and diflribute itfelf uniformly

between them. The fame experiment repeated feveral

times, gave very nearly the fame refults. Negative elec-

tricity decreafed alfoin the fame proportion as the pofitive.

The following tuble may therefore be confidered as giving

a general, though not exaft idea (un aperfu) of the increafe in

force, which correfponds to different degrees of divergence

in the balls ; it is only calculated to every fourth of a line ;

the force of eleftricity is always expreffed by whole num-
bers, as it would be ridiculous to put a greater degree of

exaftnefs in the numbers, than is to be found in the ex-

periments which form the bafis of the calculation. (d)

Diflance of the balls

in fourths of a line.

1

2

3

4

5
6

Correfponding forces

of eleftricity.

— 1

- 2

3

4

5
6

Diflance

(d) Mr. De Sauffure, in a long note, anticipates the ob-
jections that maybe made to the foregoing method of efti-
mating the force of elearicity

; but as at the mofl they only
fhew that this fciencc is at prefent in a ftate of confiderable
lmperfeaion, it will be unneceffary to take notice of them
here.
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.Diftance of the balls

in fourths of a line.

7

8

9

10

i i

1 2

3 3

14

3 5

16

3 7

18

3 9

20

2

1

22

2 3

24

Correfponding forces

of electricity.

8

10

1

2

3 4

3 7

20

23

26

29

3 2

36

40

44

45

52

56

60

64

Thofe who aredefirous to carry this mcafure of the ele&ric

force further, may do it by having fimilar eleflrcmetcrs con-

flrufled, but made upon a larger fcale, and with heavier

halls, which would only feparate one line, with the degree

of eleftricity that makes the fmallcr ones diverge 6 lines;

thefe would confequently meafure a force 1024 times greater

than that which forms the unity of the preceding table, and

thus by degrees we may be enabled to difeover the ratio of

the ftrongeft difeharge cf a great battery, or perhaps even of

thunder itfelf, to that of a piece of amber, which only attra&s

a bit ol flraw. (e)

Of

(d) The conlidcration of the repuHivc force is not fuffici-

ent to difeover the abfolute force of an cxplofion, orcleftrical

difcharge*
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Of the manner of obferving the electricity of

the atmofphere with the electrometer.

The firft thing is to bring the eleftric fluid contained in

the eleftromcter, to the fame degree of denfity with that at

the furface of the earth ; this is eafdy done by letting the

bottom and top touch the ground at the fame time *, fee fig. 6

;

then

difcharge. For Mr. Volta has (hewn, that the force of a

difcharge depends principally on the quantity of t he eleftric

fluid which paflcs from one body to another. Now the re-

pulfive force of the eleftromcter only indicates the ratio of

this quantity, in equal and fimilar bodies, and which are alfo

fimilarly fituated. If equal quantities of the eleftric fluid

were imparted to two unequal and feparate conductors, the

eleCtric fluid being lefs condcnfed on the largeft, would

aft with the leaf! force on the eleftrometer ; though it is

probable, the force of the difcharge in the two conductors

would be equal. The repulfive force ferves, however, to

fliew what Mr. Volta calls the tltdrical capacity of a body,

the quantity of the eleftric fluid it aftually contains, or is

capable of containing. To effeft this, and have points of

comparifon, we fhould ufe light metallic balls, of different

fizes, fufpended by filk thread. One of thefe balls, uneleftri-

fied, being brought into contaft with the fubftance whofe

eleftricity is to be explored, will diminifh the tenfion, or

repulfive force of this fubftance
; and the quantity diminifh-

ed by the contaft of the ball, will give the ratio of the

capacity of this fubftance with that of the ball. I.et us

fuppofe a Leyden phial uninfulatcd, but fo concealed, that

only the knob is vifible, and we are therefore ignorant of

it'* fize, and the flrength of the fhock it will give. Let tire

f top
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then raife the point, keeping the bottom (fill in contaCt

with the ground, from whence it may be lifted up in a

vertical pofition, till the balls are level with the eye.

The lecond circum fiance is to render the divergence

of the balls, which is occafioned by the electricity of the

air, permanent. This is effe&ed by touching the top of the

electrometer with the finger
;
but here the acquired elec-

tricity becomes contrary to that of the body, by which they

arc eleCtrified. Let us (uppofe, for example, that the elec-

trometer is at five feet from the ground, and the balls di-

verging
;
touch the top of the eleCtrometer with the finger,

and the balls will clofe; but they will again open, if the

eleCtrometer is withdrawn from the influence of the elec-

tricity of the air, by being brought nearer the ground, or

into the houfe. Mr. De Sauffure only employed this me-

thod, when the eleCtricity was fo weak, that he could not

perceive any until the eleCtrometer was raifed confider-

ably above his eye ; as in this cafe, he could not perceive

the divergence of the balls, he always endeavoured to ob-

tain a permanent eleCtricity in the foregoing manner.

To

top of M. De Sauffure's eleCtrometer be in contaCt with

the knob of the bottle, and the balls of the eleCtrometer

feparate 6 tines,—from this lolitary faCt, we fhall gain no

information relative to the force of the fiiock
; becaufe, if

the jar is very large, this degree of tenfion will give a very

painful fenfation ; when, if it is very fmall , with the fame

indicated tenfion, the fenlation may bealmofl imperceptible.

But if 1 bring a ball, of a foot .diameter, in contaCt with the

knob of the bottle, and after having thus taken a part of the

fluid therefrom, the eleClrometer is again put in contaCl with

the knob thereof, the remaining quantity of repulfive force

will fhew the relation between it's contents and that of the

globe of metal, and by this means the intenfity of it's charge.
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To know whether the balls feparate with^pofitive or ne-

gative elearicity, bring a piece of excited wax gradually

near the top of the elcarometer ;
if the balls feparate fur-

ther on the approach of the wax, they are negatively elec-

trified, or of the fame nature with the elearicity of the

wax ;
if on the other hand they come nearer together, on

the approach of the wax, then the elctlricity is pofitive,

or in a contrary (late to that of the wax. If glais is ufed,

the refults will be exaaly tfie reverie of the preceding.

The following example will render the ufe of the fore-

going obfervations more familiar. Choofe an open fixa-

tion,

0

free from trees and houfes, ferew the conduaor on

the top of the elcarometer, lay hold of it by it’s bale,

and place it fo that the bafe and conduaor may touch the

ground at the fame time, then elevate it to the height of,,

the eye, and obferve the quantity of lines, or fourths of a

Jinc, that the balls have diverged ;
now lower it till the balls

almofl touch each other, and obferve at what diftance the

top of the conduaor is from the ground ; and this is the

height from the ground, at which the elearicity of the air

begins to be fenfible. If the elearicity of the air is fuflt-

ciently ftrong to make the balls diverge when it (lands upon

the grdund. one of the lengths of the elcarometer mull be

unferewed from it. If the balls however Hill diverge, the

other parts of the conduaor fhould alfo be unferewed, and

you may mark down, that the eleftricity is fenfible at zero,

or on the furface of the earth. If, on the contrary, the elec-

tricity is fo weak, as not to caufe 'the balls to diverge,

when they are even with the eye, and confcqucntly when

the conduaor is two feet higher, or 7 feet from the ground,

you fhould then raife it a foot higher ;
while it is thus ele-

vated, touch the top with the other hand ;
when this hand

k taken awav, lower the elcarometer, and if it is eledn-

f 2
fic<a



xlvi SUPPLEMENT.
fied, you may fay the ele&ricity is fenfible at 8 feet; if it

is not, raife it as high as the arm can reach, anti repeat the

fame operation
;

if any eleftricity is found, write down
ele&ricity fenfible at 9 feet ; if not, mark o, or no ele&ricity

relative to this infkrument, and this mode of employing

it ; for figns of ele&ricity may {fill be obtained, by throw-

ing a metallic ball 50 or 60 feet into the air, which is at

the fame time ccnne&ed with the ele&rometer by a metallic

thread.

One advantage of this inflrument is, that it will often

exhibit figns of ele&ricity, when none can be obtained from

a condu&or of a hundred feet in height, becaufe it can

more eafily be preferved from humidity, &c. which de-

fluoy the infulation of the large condu&ors.

Aerial ele&ricity varies according to the fituation
;

it is

generally ftrongefl in elevated and infulated fituations, not

to be obferved under trees, in ffreets, in houfes, or any in-

clofed places ; though it is fometimes to be found pretty

flrong on quays and bridges. It is alio not fo much the

abfolute height of the places, as their fituation ; thus a pro-

jecting angle of a high hill will often exhibit a ftronger

eleftricity than the plain at the top of the hill, as there

are fewer points in the former to deprive the air of it’s

eleCtricity.

The intenfity of the atmofpheric eleCtricity is varied by

a great many circumftances, fome of which may be ac-

counted for, others cannot. When the weather is not ferene,

it is impollible to aflign any rule for their variation, as no re-

gular correfpondence can then be perceived with the dif-

ferent hours of the day, nor with the various modifications

of the air. The reafon is evident ; when contrary and

Variable winds reign at. different heights, when clouds are

rolling over clouds, thefe winds and clouds, which we can-

r*t perceive by any exterior iign
?

influence however the

* fir ata
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flrata of air in which we make our experiments, produce
thel'e changes of which we only fee the refult, without be-
ing able to aflign either the caufe, or it’s relation. Thus, in
ftormy weather, we fee the eleftricity ftrong, then null,
and in a moment after arife to it’s former force ; one inftant
pofitive, the next negative, without being able to aflign
any rcafon for thefe changes. Mr. De Saufl'ure fays, that
he has feen thefe changes fucceed with fuch rapidity’ that
he had not time to note them down.
When rain falls without a ltorm, thefe changes are not

fo fudden ; they are however vety irregular, particularlv
with refpett to the intenfity of force

; the quality thereof
is more conftant. Rain, or fnow, almoft uniformly vives
pofitive ele&ricity.

b

In cloudy weather, without rain or dorms, the eleftricitv
follows generally the fame laws as in lerene weather.

Strong winds generally diminilh it’s intenfity, they mix
together the Afferent ftrata of the atmofphere, and makethem pals tucceffively towards the ground, and thus diftri.

Mr
C

De

e

S ff

nClty

r,f

°K?
lybetWeen^^ and theair;Mr. De Sauffure has obferved a ftrong eleftricity with aftrong north wind (la bi/e).

>

The (late of the air, ,n which the eleftricity is ftron.eft
.s foggy weather; this is always accompanied with eleflti«dy, except when the fog is going to refolve into rain

the T« ‘rT
ftmS °bferVations

’ “d thofe which throw
grea e tg t upon the various modifications of elec-tnctym our atmofphere, are thofe that are made in ferene

z

z

In

;

vmter
’ (during which moft °f Mr- *^fe;“rSut:

ferene the

..di"ETand lomctimes later : but seneralk, •
-

, uui generally before noon, it at-

tained
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tainecl a certain maximum, from whence it again declined,

till the fall of the dew, when it would be fometimes Itronger

than it had been during the whole day; after which, it would

again gradually diminifh during the whole night; but is

never quite dcftroyed, if the weather is perfectly ferene.

Atmofphcrical eleftricity feems, therefore, like the fea,

to be fubjeft to a flux and reflux, which caufes it to increafe

and diminifh twice in 24 hours. The moments of it’s great-

eft force are fome hours after the rifing and fetting of tha

fun ; thole when it is weakeft, precede the rifing and fetting

thereof. This will be further explained in the following

pages.

Mr. DeSauffure has given an in fiance of this periodic flux

in elcdlricity, on the 22d of February, 1785, (one of the

coldeft days ever remembered at Geneva
;)

the hygrometer

and thermometer were fufpended in the open air, on a ter-

race expofed to the fouth-weft
;

the eleftrorneter, from it’s

fituation, indicated an eledlricity equal to what it would

have fhewn if it had been placed on an open plain. The

height of the barometer is reduced to what it would have

been if the mercury had been conftantly at the temperature

of 10 degrees of Reaumur’s thermometer. The place of ob-

iervation was elevated 60 feet above the level of the lake.

The obfervations of the day preceding and following this

great cold, are inlerted in the following table; becaufe it is

pleafmg to have the obfervations which precede and follow

$ any lingular phenomena. There was a weak S. W. wind

during the whole three days; and it is rather remarkable,

that mofb of the great colds, which have been oblerved at

Geneva, were preceded by, or at leaft accompanied with,

a little S. W. breeze.

TABLE.
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. T A B L E.

d. h. m. Barometer,
Feet iu height.

Thermometer. Hygrorn. Eleflrom.

21 9 *5 M 26 6 7 — 8 3 89 3 2 0

i i 10 M 26 6 5
—

4 3 83 9 1 6

2 10 E 26 6 1 — 0 2 69 6 1 1

5 E 2661 — 2 3 77 2 1 1

6 E 2660 —
5 2 85 1 0

7 E 2662 — 6 8 89 1 8

8 E 26 6 3 — 10 0 95 2 0

9 E 26 6 3
— 10 6 97 5 1 8

lO E 26 6 1 — 9 9 95 1 2

i i E 26 6 0 — 12 3 99 1 1 5
l2 E 26 5 15 — 12 5

Hosr
froft

1 2

22 1 M 26 6 0 — H 3 Idem O 9
2 M 26 6 8 — 14 5 Id. 1 2

6 l 5 M 26 5 7
— 15 0 Id. O 8

7 3° M 26 5 4 — 14 7 Id. 1 2

8 lO M 2652 — 14 2 Id. 1 1

9 lO M 26 4 15 — 10 7 Id. 1 6

lO lO M ab 4 13 — 8 2 Id. 2 2

11*10 M 26 4 3
—

4 8 Id. 1 8

i lO E 26 4 0 — 4 9 Id. 1 7
2 20 E 26 3 14 + 0 6 82 1 4

-3 3° E 26 3 13 — 0 9 81 9 1 1

5 E 26 3 13 4 3 89 1 2

6 E 26 3 14 —
4 4 91 2 2 2

7 E 26 3 14 — 6 1 94 1 7
8 F. 26 3 13 —

5 9 Id.
I
3 7

23 o 45 M —
4 1 Id. 1 0

8 5 M 26 5 0 — 1 0 81 3 1 2

lO 7 M 2 6 5 5
— 0 0 76 0 8

3 45 E 26 6 8 + 0 5 76 Id.

5 E 26 6 14 0 3 75 3 1 0
6 E 26 7 3

— 0 7 74 0 8

7 E 26 7 9
— 1 7 79 7 2 2

8 E 26 7 14 —
3 7 87 3 1 7

12 E 26 9 1 —
3 0 .92 0 5

Pale fun, cloudy
Bright lun

The lame
Setting lun

Cloudy in the S. W.
Perfe£tly clear

Idem
Idem
Little cl. at horiz.S.

Id. more to S. W.
Idem
Idem
Clo. incr. Sc approa.

Clear
Light fog

Idem
Idem
Thicker fog

Idem
Idem
Weak fog. pale fun
Cloudy pale fun
Lefs cloudy

More fo

Idem
Clou. fog. in S. W.
Clou, with more fog

Idem
Idem
Cloudy pale fun

Cloudy
Idem
Very clear

Cloudy
More lo

m for Morning, s for Evening.

From
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From the firft 18 obfervations of this table, when the fky

was quite ferene, we fee that the ele&ricity was pretty ftrong

at 9 in the morning, that from thence it gradually diminifh-

ed till towards 6 in the evening, which was it’s fir ft mini-

mum ;
after which it increafed again till 8, it’s fecond max-

imum, from whence it again gradually declined till 6 the

next morning, which was the time of it’s fecond minimum ;

after which, it again increafed till ten in the morning, which

was the firft maximum of the following day ; as this was

cloudy, the ele&ric periods were not fo regular.

The eleftricity of lerene weather is much weaker in fum -

mer than in winter, which renders it more difficult to obferve

thefe gradations in fummer than in winter ; befides a variety

of accidental caufes, which at the fame time render them

more uncertain. In general, in fummer, if the ground has

been dry for fome days, and the air is dry alfo, the

ele&ricity generally increafes, from the rifing of the fun till

3 or 4 in the afternoon, when it is ftrongeft; it then di-

minifhestill the dew begins to fall, which again reanimates

it; though after this it declines, and is almoft extinguifhed

during the night.

But the ferene days thatfucceed rainy weather in fummer,

generally exhibit the fame diurnal periods or dates of elec-

tricity, as are to be obferved in winter.

The air is invariably pofitive in ferene weather, both in

winter and fummer, day and night, in the fun or in the

dew. It would feem, therefore, that the eledlricity of the

air is effentially pofitive, and that whenever it appears to be

negative, in certain rains or in ftorms, it probably arifes

from fome clouds, which have been expofed to the preffure

of the eleftric fluid contained in the upper part of the atmo-

fphere, or to more elevated clouds, that have difeharged a

part of their fluid upon the earth, or upon other clouds.

4
In



SUPPLEMENT. !i

In order to find out the caufe of thefe phaenomena, Mr. De
Sauffure inftituted a fet of experiments on evaporation

avoiding the ufe of Mr. de Volta’s condenfer.

To produce a ffrong evaporation, he threw a mafs of red

hot iron into a fmall quantity of water, which was contained

in a coffee pot, with a large mouth, and fufpended by filk

firings; by this he obtained a ftrong pofidve ele&ricify,

though, according to Mr'Volta’s fyftem, it ought to have

been negative
; the experiment was repeated feveral times,

varying fome of the circumftanccs, but the refult was always

the fame*

As it was not eafy to think fo able a philofopher as Mr.
Volta was deceived, it was neeefiary to try the experiment

in a manner more analagous to that of Mr. Volta. A fmall

chafing-diffi was therefore infulated by filk cords, and the

coffee-pot, with a fmall quantity of water, placed on it ; one

cleflrometer was connected with the coffee-pot, and another

with the chafing-difii
; the fire was raifed by a pair of bel-

lows; when the water had boiled ftrongly for a few minutes,

both elettrometers exhibited figns of clcftricity, which, on
examination, was found to be negative

;
proving the truth of

Mr. Volta’s experiment. The evaporation produced by the

cffervcfcence of iron in the vitriolic acid, and by that of

chalk in the fame acid, gave alfo negative eleftricity.

It was now neceffary to inquire, why the vapour, excited

by the heated iron, produced pofitive cleflricity ; while that

from boiling water, in any other way, produced a negative

eleftricity.

Mr. De Sauffure fufpe&ed, that the intenfity of heat to

which the water is expofed, by the contaft of a body in a
ftate of incandefccnce, was the caufe of the ele&ricity pro-
duced by it s evaporation, and that a combination was then
formed, by which a new quantity of the eleflric fluid was

g produced.
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produced. 1 his conjecture may at firft fight feem improbable;

but the quantity of eleCtricity produced by this experiment,

will aftonifh thole that repeat it ; and this quantity is the

more fu-eprizing, becaufe, if it is true, according to the

fyflem of Mr. Volta, that the vapours abforb, while they are

forming, a quantity of the eleCtric fluid, there mull, there-

fore, be enough developed in this experiment, for the for-

mation of the great quantity of a apours produced by the

heated iron, and afterwards a fufficient quantity to eleCtrify

flrongly the apparatus, and all thefe vapours.

This experiment fhews clearly the caufeof that prodigious

quantity of electricity, which is unfolded in the eruption of

volcanos
;

as it is probable, that the water in thefe, from

many circumltances, acquires a much greater degree of heat

than is given to it in our experiments.

To verify this conjeCture, that it was in fome meafure the

combultion of the water, or the iron, that produced the pofi-

tive eleCtricity, it was proper to try whether, by a regular

moderation of the heat of the iron, pofitive eleCtricity would

always be obtained. This was eflayed in the following

manner : A large imp crucible, 5 inches high, 4 in diameter,

and 6 lines thick, was heated red hot, then infulated ; after-

which, fmall quantities of water were thrown into it, each

projection of the water cooling more and more the crucible ;

thus defeending by degrees, till there was only fufficient

heat to boil the water; carefully obferving, and then de-

flroyingthe electricity produced at each projection. The elec-

tricity was always pofitive or null ; at the firft projections

it was very ftrong ; it gradually diminifhed to the twelfth,

when it was fcarce fenfible, though always with a tendency

to ’ e pofitive.

On repeating this experiment, and varying it in different

ways, a remarkable circumftance was obferved: When a

a fmall
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fmall quantity of water was thrown into the crucible, the

moment it was taken from the hre, while it was of a pale

red, approaching what is called the white heat, no elechi-

city was obtained.

This fatt feemed to have fome connexion with another

mentioned by Muflchembrock, that water evaporates more

flowly on a metal, or any other incandefcent body, than on

the fame body, heated only a fmall degree above boiling

water. To examine this relation, and to find whether there

was any between the periods of evaporation, and the produc-

tion of electricity, Mr. De Sauflure made a great number

of experiments, which are molt accurately deferibed in his

excellent work ; but as the detail would be much too long to

be introduced in this Supplement, I mufl content myfelf

with prefenting the reader with the heads thereof, and 2.

defeription of the apparatus.

The apparatus confifled of a pot of clay, well baked or

annealed, 15 lines thick, and 4 inches diameter; this was

infulated by a dry glafs goblet ; upon this pot was placed

the crucible, or any other heated fubflance, on which the

water was to be thrown, in order to be reduced into va-

pours; the crucible was contiguous to a wire connected

with an eleCtrometer ; a meafure, containing 54 grains

weight of difliiled water, was thrown upon the heated cru-

cible ;
the time employed in the evaporation thereof was

obferved by a fecond watch
; the eleCtricity produced by

this evaporation was noted. When this meafure of water

was reduced into vapour, the electricity of tire apparatus is

deftroyed, and a frefh meafure of water is thrown into the

crucible, proceeding in the fame manner till the crucible i§

almofl cold.

The firft experiment was with an iron crucible, from

which it was found, that Muflchembrock was not right, in

laying that the evaporation was Howell when the iron was

g a hottell

;
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hotted

;
for at the indant it was taken from the fire, it re-

quired 19 feconds to evaporate the water, and took more

time till the third projection, when it took 35 feconds,

though from that period it employed lefs time, or in other

words, the evaporation accelerated in proportion as the

iron cooled.

With rcfpeCl to the electricity, it was at fird o, then po-

fitive, afterwards negative, then o, and afterwards pofitive

to the end of the experiment. The vapour was not vifible

til! the 7th projeftion.

In the fecond experiment with the fame crucible, though

every endeavour was made ufe of to render them as fimilar

as pofiihle, the eleClricity was condantly pofitive.

The third experiment was with a copper crucible ; here alfo

the eleClricity was pofitive, and the longed time employed in

evaporation was not the indant of the greated heat. It was

very curious to fee the water endeavouring to gather itfelf

into a globule, like mercury on glafs, to be fometimes im-

moveable, and then to turn on itfelf horizontally, with

great rapidity ;
fometimes throwing from fome of it's

points a little jet, accompanied with an hiding noife.

The fourth experiment was with the fame crucible; the

eleClricity was at fird negative, then condantly pofitive.

The fifth was with a crucible of pure filver; aconfiderable

time was employed here in evaporating the fame quantity

of water ; even in the indant of the greated heat it took 5

minutes, 6 feconds; the eleClricity was weak, three times

no eleClricity was perceived, five times negative eleClricity

was diicovered.

In a fixth experiment with the fame crucible, a pofitive

eleClricity was obtained, at the fecond projeClion, after

which none of any kind was perceived.

The leventh with the lame, gave at fird a drong negative

eleClricity,
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eleCtricity, the fecond and third projeClion gave a weak
pofitive eleCtricity.

The eighth was made with a porcelain cup
; here the eva-

poration was flower at the fecond, than the firft projection ;

but from this it took longer time till it was cold, contrary

to what happened with the metals ; the eleCtricity was al-

ways negative.

The ninth and tenth experiments with the fame cup,
produced fimilar effcCts.

The eleventh experiment was with fpirits of wine in a
filver crucible

; here there was no electricity produced at

the two firft projections, and what was afterwards obtained
was negative.

Twelfth experiment with ether; here the eleCtricity was
alfo negative. Thefe two inflammable fluids, in evaporating,
followed the fame laws as water, being diflipated at firft

moft rapidly in the greateft heat, afterwards taking a longer
and longer time before they were evaporated, to a certain
period, then employing lefs time, or evaporating quicker,
till the crucible was nearly cold.

Now as china and filver always produced negative elec-
tricity, while iron and copper have generally given pofitive
eleftncity, we may conclude, that clcftricity is pofitive
with thofe bodies that are capable of decompofing water
or of being decompofcd thcmfelves by their contaft with the
water

; and negative with thofe which are not at all de-
compofed or altered.

From hence Mr. De Sauflurc conjeaures, that the elec-
tric fluid may be looked upon, as formed by the union of
hre with fome unknown principle, perhaps a fluid ana-
gous to inflammable air, but exceedingly more fubtil.Th s analogy feems to him fufficien.Iy proved by the inflam-

mation of the eleftnc fluid, and by the diminution of the
air ra which this inflammation is made. Though many

doubts
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doubts have been attempted to be thrown on this inflmma.

tion, there feems to be one reafon which forces us to ad-

mit it, which is the lofs of a quantity of this fluid at

every fpark ; we may diminifh at plcafure any quantity of

this fluid, (cn le. faijant et incder) by taking a number of

fparks from it. From whence alfo it may be inferred, that

a confiderable quantity is deftroyed every day by thunder.

According to this fyftem, when the operation, which

converts water into vapour, produces at the fame time a

decompofition, it then generates the eleftric fluid. A part

of this fluid combines itfelf immediately with thefe vapours,

and ferves even to form them. The veffel, in which this

operation is performed, will acquire a pofitive electricity,

none at all, or a negative
; according as the quantity of

the fluid generated is fuperior, equal, or inferior to that

which the formation of the vapours confumes. When no

decompofition accompanies the evaporation, the eleftricity

ought to be conftantly negative, becaufe there is nothing

to replace the quantity of this fluid, which is employed in

forming the vapour.

If in the foregoing experiments, thofe fubfiances which
»

were fufceptible of calcination had conflantly given a pofi-

tive eleftricity, and thofe which do not calcine had always

given the negative ;
every thing would have been explained

by thefe principles, and they would thence have acquired

a greater degree of probability. But the phenomena have

not always followed this law. We have feen iron and

copper fometimes give a negative eleftricity, and filver the

pohtive. The firft cafe is not difficult to account for ; it

is well known with what facility iron and copper calcine

in abrifkfire; they become covered with a fcalv cruft,

which is not fufceptible of any further alteration with the

fame heat. If the bottom of the crucible acquires this

crufty coating, the drop of water placed thereon will be no

longer
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longer in contaft with a calcinable fubftance
; there will be

no further dccompofition, no generation of the define fluid •

the vapours, however, which are ftill formed, will abforb
a part of the fluid naturally contained in the apparatus, and
this will therefore be elcflrificd negatively. If fome of the
kales Ihould be fo far detached, that the water may „ain
lome points of contaft, the quantity thus generated may
compenfate for what is abforbed by the vapours, and thus
the electricity will be null. If more are detached, it will
fuper-abound and be pofitive. From the fame realbns a
large mafs of water, by attacking the iron in a greater num-
ber of points, always gives pofitive eleSricity

S and hence
°’ a ft

!
0ng P°r',ive eIefl,idty » obtained, by throwing

a piece of red-hot iron into a mafs of water.
6

It is not fo eafy to explain why f.lver gives fomelimes apontive eleftricity, but by fuppofing it to have been mixedfome fubftances, capable of calcination
; and this themore, as the white porcelain always gave negative dear!.

} Th,s f“PP°fition was verified by fome fi,hf,„, .
-periments, in which the fame ft^, Xn pur

“
always gave a negative eleftricity

1

higheft degree of evaporation Z T ’

ofeleftricity
; though he tried to "obtain .v"^

^^
ways. Probably, the current - j T a variety of

perfes and diffipates the ekarieftv T ^ flamC
’ d ‘f'

caufc Mr. Volta obtained figns of eleft c“
be'

combuftiota, by means of h,°s conden^
b°d 'eS “

Another
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Another fmgular fa£t was, his not being able to obtain

cleCtricity without ebullition, though he endeavoured to

compenfate by the quantity of furface for the quantity of va-

pours that were elevated by boiling water ; and indeed, the

fame quantity of water, if extended over too large a furface,

will not give any electricity.

Notwithftanding the uncertainty thefe experiments throw

upon the fyltem, it does not at prefent feem poflible to find

another reafon, which fo latisfaCtorily accounts for the pofi-

tive eleftricity which reigns in the air. The prodigious

quantity of this fluid, which continually defeends from the

upper part of the atmofphere, filtrating through the air to

penetrate the interior parts of the earth, mult neccflarily be

brought back again by fome means ; for otherwife, the air

would be cxhaultcd of it’s fluid, or the earth would be fatu-

rated. The perpetual circulation of this fluid, which is

carried on by means of vapours, is a finking circumftance ;

it rifes invifiblc and inaCtive, concealed in their bofom, but

difplaying afterwards it’s energy. When the vapours have

changed their form, it defeends aCtive, animated with a

penetrating and expanfive force ;
the lops of trees, the

points of leaves, the beards of different grains, attraCt and

force it to pafs through the vegetables, of which it becomes,

(perhaps) when dccompofed, the moft aCtive and favoury

part. This alfo may be one of the reafons, why excrcife

in the open air is much more conducive to health than that

which is taken in covered or clofe places ; for it feems evi-

dent, that the foft and gentle electrization, which every one

mufi partake of in the open air, muft have an influence

upon our organs, on the circulation of the blood, the fecre-

tion of the humours, and infenfiblc tranfpiration.

In further purfuing this fubjeCt, we muft confider, that

vapour fometimes a£ts as the producing caufe of aerial

eleCtricity ;
at other times, as a conductor of this fame fluid ;

and
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ancl fomctimcs, both together. Towards the end of the

night, the cleCtricity of the air is very weak, either becaufe

there is no evaporation, or becaufe the humidity of the pre-

ceding evening, and that of the fore part of the night, have

tranfmitted to the earth the electricity that was accumulated

in the air : but as foon as the fun warms the earth, and in

proportion as he rifes above the horizon, the aerial electri-

city augments
; becaufe the vapours which then rife, carry

this fluid into the air. But when the fun has attained the

meridian, the heat increafes in a greater proportion than the

evaporation, the air becomes dry, and hardly tranlmits the

fluid which is accumulated in the upper part of the atmo-

Iphere; the elcftromcter, therefore, exhibits lels figns of

ele&ricity, though it is (till accumulating in the upper part

of the atmofphere. Laftly, when the fun is near fetting,

the air grows cool, becomes humid, and tranfmits more

abundantly to the earth the eleftric fluid that was accumu-

lated in the higher regions ; the elcClrometer, therefore, riles

again with the dew, till two or three hours after fun-fet,

when the air is exhaufted, and the cleftricity again diminifhes

till the next day.

In fummer, the eleftricity of a ferenc atmofphere is much
weaker than in winter, and that, becaule the air is then warm
and dry, to a greater height, and therefore refills more pow-
erfully the tranfmiflion of this fluid, that is accumulated in

the higher regions of the atmofphere. This uninterrupted

accumulation accounts at the fame time, very naturally, for

the violence and frequency of Itorms at this leafon. But the

increafe of eleclricity, from the heat of the fun, in the dry

and hot days of fummer, from it’s riling, till four or five in

the afternoon, is not fo eafily accounted for. It is not im-

probable, that the dry exhalations from the earth, which are

occafioned by the heat, may produce this augmentation of

electricity, and favour the defeent thereof from the upper

h part
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part of the atmofphere. It appears, however, in general,

both in winter and fummer, that when the air is perfe&ly

tranfparent, the aerial eleftricity always diminifhes in the

hotteft part of the day. It is known, that the air is gene-

rally moft tranlparent and difengagcd from vapours, in the

ferene weather that follows great or heavy rains.—Mr. De
Sauffure defires that this fyflem may be only looked upon as

fo many conjeftures, propofed with a view to animate other

philofophers to the observation of thefe phenomena, and

the invefligation of their caufe.

The author refers alio to his Effais fur 1' Hygrometrie ”

for the proofs, That the eleftric fluid is only neceflary to form

or fufpend the grofs veficular vapours. Thofe which are

diffolved, or are claflic, Support themfelves by the expanfive

force, which they acquire from the element of fire combined

with them, without the afliftance of any other agent. And
thefe grofs vapours, which require the eleftric fluid for their

l

formation, part with it, if they are refolved into water, or

into an elaftic fluid. Thus the grofs vapours that are form-

ed in the morning of a fine day, and which difturb a little

the tranfparcncy of the inferior Strata of air, carry this fluid

with them, but part with it when they come into a more

pure and dry air, where they are diffolved, taking the form

of an elaftic fluid.

This explains the diminution of the aerial eleftricity,

when clouds are forming in an atmofphere that was ferene
5

for the elcttric fluid, which was diifeminated in the air,

combines with the vapours when they take the veficular

form ; the ftrata, or filiated appearance that is then Seen

among the clouds, which is one of the moft Sure indica-

tions of rain, feem to announce the prefence of the eleftric

fluid, endeavouring to reftore an equilibrium, and re-place

that which has been employed in the formation of the veficles,

of which the clouds conlifl. Many experiments fhew, that

6 this
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this fluid, condenfed by art, difpofcs in parallel and conver-
ging lines, like the clouds, thofe particles of du ft through
which it is made to pafs ; while on the other hand, the in-

creafe of aerial elcftricity, which is obferved when the air

is getting clear and ferene after rain, arifes from this fluid,

which the veficular vapours part with when diflolved in
air. •

**

Many other curious obfervations are to be found in Mr*
Dt. Saulfure s work, which are too long to be mferted here.
My intention is, at a future period, to give a fecond
\olume of 11 flays on Elcflricity

; in which I flaall endeavour
to digeft all the obfervations and experiments which have
b^en made fincc the publication of the firft edition of this

work.

^g* 3> of the plate at the end of this Supplement, repre-
fents an.improvement of the atmofpherical ele&rometer, by
Mr. Abraham Bennett, of Wirkfworth, Derbyfhire

; it was
tranfmitted to me by a very ingenious friend. The principal
advantage of this little inflrument, is the delicacy of the
materials of which it is compoled.

Ii confifts of two flips of leaf gold, which are pafled to the
.iaes of a peg, which fits into a fmall tube, in the under fide

of the cap. Ihecap, orcoVer, is flat, in order that plates,

books, or other articles, on which experiments are to be
made, maybe placed upon it. It has alfo^a rim to keep off
the rain, and maintain the inflation, when it is ufed in
the open air. There is a fmall tube on one fide of the cap,
to fix wire or any other occafional fubftance to

; the pieces
of leaf gold are about 3 inches long, and i -5 th of an inch
broad. The cover may be taken off at pleafure, to repair
any accident happening to the leaf gold. The glafs pre-

h 2 vents'
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vents the leaf gold from teing agitated; two pieces of

tin foil are 1 aliened on oppofite Tides of the internal furface

of the glafs, to prevent the glafs from being charged, and

thus interfering with the repulfion of the electrometer ;

therefore the cover fhould be lo turned, that the leaf

gold may (trike again ft the tin foil.

Tire following experiments fhew the great fenfibility of

this little inftrument.

1. Powdered chalk was put into a bellows, and blown

upon the cap ; it was elcCtrified pofitively by the ftream of

chalk, when the nozzle of the bellows was only 6 inches

diflant from the cap ; but the fame ftream eleCtrified it

negatively at the diftance of three feet. In this experi-

ment, the quality of the electricity is changed from pofitivc

to negative, by difperfing or widening the ftream, and

making it pafs through a longer traCt of air
; it is alfo

changed by palling the ftream through a bunch of fine

wires, filks, or feathers placed upon the nozzle of the bel-

lows ; it is negative when blown from a pair of bellows,

the iron pipe being taken off to enlarge the ffream. This

laff experiment feems to anfwer belt in damp weather. The

pofitive eleftricity generally remains, but in the negative

the leaf gold collapfes as foon as the cloud of chalk is

2. A piece of chalk drawn over a brufh, or powdered

chalk put into a brufh and projected on the cover, eleCtrified

it negatively. The clcCtricity was not permanent.

3. Powdered chalk blown (with the mouth, or a pair of

bellows,) from a plate placed upon the cover, gave a perma-

nent pofitive clcCtricity. If a brufh is placed upon the co-

ver, and a piece of chalk is drawn over it, when the hand

is withdrawn, the leaf gold gradually expands with pofitive

eleCtricity, as the cloud of cluilk difperfes.

4. Pow-
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4. Powdered clialk falling from one plate to another,

placed on the inftrument, eledliified it negatively. Many
other experiments have been tried, as projecting it from a

goofe wing, chalking the edges of a book, &c. The in-

ftrument being placed in dully road, the dull ftruck up
with a Hick near it, eleCtrified it politively

; wheat flour

and red lead gave a Itrong negative ele&ricity, in all cafes

where the chalk gave pofitive.

5. Place a metal cup upon the cap with a red hot coal

in it, a fpoonful of water thrown upon the coal eleCtrifies

the cup negatively. If a bent wire be placed upon the

cover, with a piece of paper faftened to it, to increafe it’s

lurface, it will exhibit the politive electricity of the amend-

ing vapour, when introduced into it. The ele6lricity of

rain may probably be illuftrated by pouring water on hot

coals placed in an infulated cullender
; the afeending vapour

is pofitive, the defeending drops arc negative.

6. The fenfibility of this inftrument may be increafed,

by placing a candle upon the cap
;
by this means a cloud of

chalk, which would but juft open the leaf gold before,

will caufe them to ftrike the fidcs for a long time together,

and the eieClricity is now communicated fo ftrong, that the

leaves will be repelled by a flick of excited wax at 10 or

12 inches diflance. A cloud of chalk made in one room will

eleCtrify this inftrument, brought from another room, and

at a confiderable diflance.

A thunder cloud pafling over the inftrument, caufed the

leaf gold to ftrike the fidcs at every flafh of lightning.

No fenfible elc&ricity has been difeovered by it on the ex-

plofion of gun-powder, or the projection of fmoke, or

llame over it.

Excited fealing-wax will often make the leaf gold ftrike

the fidesof the glafs more than 12 times : when the foaling -

wax
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wax recedes, it will (hike it again, nearly the fame num-

ber of times; but if the approach is quicker than the re-

ceflion, the number of times will fometimes be greater.

The quantity of eledlricity neceffary to caufe a repulfion of

the leaf gold is fo finall, that the fharpett points or edges

do not draw it off, unlefs they are brought in contact

with it : hence it is unneceffary to avoid points or edges

in the conflru&ion of this inftrument.

This eleftrometer may alfo be conveniently united with

Mr. Volta’s condenfer, by making the cap ferveas the upper

plate of the condenfer, and by applying a marble or var-

nifhed wooden plate upon it, with a metallic handle for the

lower plate. In fome experiments, a candle may be con-

nefted at the fame time by a wire with the upper part of

the eleftrometcr ; and thus increafe the advantages to be

obtained from it. When this apparatus is ufed, the opera-

tor mud touch the metallic handle, and the ele£lricity will

enter by the candle, between the cap and upper plate
;
this

being lifted up, the inftrument will exhibit the elettricity.

N. B. This is an inverted condenfer, the under plate

being infulated inftead of the upper one.

A Defcription of a very large Electrical Ma-

chine placed in Teyler’s Mufeuno, in Haarlem.

This machine was conftru&cd by Mr. John Cutnbertfon,

an Englifh mathematical inftrument maker, in Amfterdam;

it confifts of two circular plates of glafs, each of 65 inches

diameter, which arc made to turn upon the lame horizontal

axis, at the diftance of 7 \ inches from each other. Thele
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plates are excited by eight rubbers, each 15 L inches in
length; and to the diftance of 16 \ inches from the center
the/ covered on both fides with a reftnous compofition’,
which is defigned to prevent their breaking, and to hinder the
excited electricity from being carried off by the axis. The
Prime conductor, which confifts of feveral pieces, is very
large, and is fupported by three glafs pillars, each 57 inches
high. The plates are made of French glafs

; as this is found
to lucceed better than any other kind, except the Englifh
flint, which could not be procured of fo large a fize. This
machine is furnifhed with nine cleftrical batteries, each con-
taining fifteen jars, and each jar having about a fquare foot
of coated glafs; fo that the grand battery, in which all thefe
are combined, confifts of above 130 fquare feet of coated
glafs.

1ms machine, when thus completed, was aftonifhinglv
powerful. From the prime conduftor, fparks have been
taken 24 inches long; thefe, when feen in the dark, ap-
peared of the fize of a common goofe-quill, feemed todart
in Terpentine lines, and emitted many collateral rays, feme
ol which were fix, leven, and even eight inches in length.
Fven upon the fharpeft ftcel points that could be made, fparks
ol half an inch have been received from the condu&or.

Another proof of the extraordinary power of this ma-
chine is, that from a brafs ball, 4 l inches in diameter, and
projecting 5 inches from the end of the conduftor, a pencil
or plume of eleftrical fire was emitted, which extended 16
inches in length and breadth.

By ‘ he f?ark r‘om the prime conduftor alone, without
ufing any coated glafs, gunpowder has been fired, and tin-
der rofin, and match been lighted; being at different times
made to pals through oil of turpentine, and oil of olives,
they caught fire from it

; and it entirely melted a piece of
6 d |eaf

’
20 lnd,cs ]ong, and half a line in breadth.

When
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When this machine was ftrongly excited, fpeClators have
been aflcCtcd, at the diflance of five, fix, and fometimes of
eight feet from the prime conductor, with that fenfation

which is ufually compared to a cobweb playing on the face

and hands
; and the air in the mufeum was fo powerfully

electrified, that at the further extremity of the apartment,

which is 40 feet from the conduftor, the balls of Mr. Ca-

vallo’s eleftrometer diverged half an inch.

Experiments on Ele&ric Light, by Mr.

William Morgan.

1 . There is no fluid or foil'd body, in it’s paflage through

which the eleCtric fluid may not be made luminous
;
in wa-

ter, fpirits, oil, animal fluids of all kinds, the difeharge of

a Leyden phial, of almoft any fizc, will appear very fplen-

did, provided we take care to place than in the circuit, fo

that the fluid may not pafs through too great a quantity of

them. The general method is, to place the fluid, on which

the experiment is to be made, in a tube three quarters of an

inch in diameter, and four inches long ; flop up the orifices

of the tube with two corks, through which pufh two point-

ed wires, fo that the points may approach within one-eighth

of an inch to each other
;
the fluid, in pafling through the

interval which feparates the wires, is always luminous, if

a force be ufed fufliciently ftrong
;

the glafs tube, if not

very thick, always breaks when this experiment fucceeds.

To make the paflage of the fluid luminous in the acids, they

mull be placed in capillary tubes, and two wires introduced,

as in the preceding experiment, whofe points fh all be very

near each other. It is a well-known fad, that the difeharge

of
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of a fmall Leyden phial, in palling over a ftrip of gold, filver,

or Dutch metal leaf, will appear very luminous. By con-

veying the contents of a jar, meafuring two gallons, over a

ftrip of gold leaf, one-eighth of an inch in diameter, and a

yard long, it will frequently give the whole a dazzling

brightnefs. We may give this experiment a curious diver-

ftty, by laying the gold or filver leaf on a piece of glafs, and

then placing the glafs in water
; for the whole gold leaf will

appear molt brilliantly luminous in the water, by expofing

it, thus circumftanced, to the explofion of a battery.

II. The difficulty of making any quantity of the electrical

fluid luminous in any body, increafcs as the conducing

power of that body increafcs.

Experiment i.—In order to make the contents of a jar

luminous in boiling water, a much higher charge is necef-

fary, than would be fufficient to make it luminous in cold

water, which is univeifally allowed to be the word con-

ductor.

#

Experiment ii.

—

There are various rcafons for believ-

ing the acids to be very good conductors ; if, therefore,

into a tube filled with water, and circumftanced as has been

already deferibed, a lew drops of either of the mineral acids

are poured, it will be almoft impoffible to make the fluid

luminous in it’s paflage through the tube.

Experiment m.— If a firing, whofe diameter is one-

eighth of an inch, and whofe length is fix or eight inches, is

moiftened with water, the contents of ajar willpafs through

it luminoufly
; but no fuch appearance can be produced by

any charge of the fame jar, provided the fame firing be

moiftened with one of the mineral acids. To the preceding

i in fiance
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inflance we may add the various inflances of metals which

will conduft the eledlrical fluid, without any appearance of

light, in circumftances the fame with thofe in which the

fame force would have appeared luminous in palling through

other bodies, whofe conducting power is lefs.

III. That the eafe with which the cleCtrical fluid is rcn„

dered luminous in any particular body, is increafed by in-

creafing the rarity of the body. The appearance of a fpark,

or of the difeharge of a Leyden phial, in rarefied air, is

well known. But we need not reft the truth of the preceding

obfervation on the feveral varieties of this fa£l ; fimilar

phaenomena attend the rarefa&ion of ether, of fpirits of

wine, and of water.

Experiment iv.

—

Into the orifice of a tube, 48 inches

long, and two-thirds of an inch in diameter, cement an iron

ball, fo as to bear the weight which prelfes upon it when

the tube is filled with quickfilver, leaving only an interval

at the open end, which contained a few drops of water.

Having inverted the tube, and plunged the open end of it

into a baion of mercury, the mercury in the tube flood

nearly half an inch lower than it did in a barometer at the

fame inflant, owing to the vapour which was formed by the

water. But through this rarefied water, the eleCtrical fpark.

palled as luminoufly as it does through air equally rarefied.

Experiment v.—If, in head of water, a few drops of fpi-

rits of wine are placed on the furface of the mercury, phasno-

mena, fimilar to thofe of the preceding experiment, will be

difeovered, with this difference only, that as the vapour in

this cafe is more denfe, the eledlrical fpark, in it's pailage

through it, is not quite fo luminous as it is in the vapour of

water.

6 Ekpere*
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Experiment vi—Good ether, fubdituted in the room

of the fpirits of wine, will prefs the mercury down fo low
as the height of 1 6 or 17 inches. The elearical fluid, in
pafling through this vapour, (unlefs the force be very great
indeed,) is fcarcely luminous; but if the preffure on the
furface of the mercury in the bafon, be gradually leffencd
by the aid of an air-pump, the vapour will become more
and more rare, and the eleftric fpark, in palling through it,

more and more luminous.

Experiment vii.— It has not been difeovered, that any
vapour does efcape from the mineral acids when expofed in
vacuo. To give them, therefore, greater rarity or tenuity,

different methods are found neceffary. With a fine camel-
hair pencil, dipped in the vitriolic, the nitrous, or the
marine acid, draw upon a piece of glafs a line, about one-
cighth of an inch broad. In fome inffances, you muff ex-
tend this line to the length of 27 inches, and you will find
that the contents of an eleftric battery, confiding of ten
pint phials coated, will pals over the whole length of this
line with the greated brilliancy. If, by widening the line,
or by laying on a drop of the acid, it’s quantity be increafed
in any particular part, the charge, in pafling through that
part, will not appear luminous. Water, fpirits of wine,
circumffanced fimilarly to the acids in the preceding expe-
riments, will be attended with fimilar, but not equal effeas;
becaufe, in confequencc of the inferiority of their conduc-
ing power, it will be necefTary to make the line, through
which the charge paffes, confiderably fhorter.

IV. The brilliancy or fplendor of the elearfc fluid, in
it s palTage through any body, is always increafed by leffen-
’-ngthe dimenfions of that body; that is, a fpark, or the

charge of a battery, which we might fuppofe equal to a
* 2

fphere
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fphere one quarter of an inchin diameter, will appear much
more brilliant, if the fame quantity of fluid is compreffed in-

to a fphere one-eighth of an inch in diameter. This cbfcr-

vation is the obvious confequence of many known fafts
; if

the machine be large enough to afford a fpark, whofe length

is nine or ten inches, this fpark may be feen fometimes

forming itfelf into a brufh, in which hate it occupies more

room, but appears very faintly luminous
;

at other times,

the fame fpark may be feen dividing itfelf into a variety of

ramifications, which fhoot into the furrounding air. In

this cafe, likewife, the fluid is cliffufed over a large furface,

and in proportion to the extent of that furface, fo is the

faintnefs of the appearance, A fpark, which in the open

air cannot exceed one quarter of an inch in diameter, will

appear to fill the whole of an exhaufled receiver, four

inches wide and eight inches long : but in the former cafe

it is brilliant, and in the latter it grows fainter and fainter,

as the fize of the receiver incrcafes. This obfervation is

further proved by the following experiments.

Experiment viii.—To an infulated ball, four inches in

diameter, fix a filver thread, about four yards long. This

thread, at the end which is remoteA from the ball, muA be

fixed to another infulated fubAance. Bring the ball within

the Ariking di Aance of a conductor, and the fpark, in pafling

from the conductor to the ball, will appear very brilliant

;

the whole length of the filver thread will appear faintly

luminous at the fame inAant. When the fpark is confined

within the dimenfions of a fphere, one-eighth of an inch in

diameter, it will be bright ; but when diffufed over the fur-

face of air which received it from the thread, it’s light will

be fo faint as to be feen only in a dark room. If you leflen

the furface of air which receives the fpark, by fhortening

the
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the thread, it will not fail to increafc the brightncfs of the

appearance.

Experiment ix.

—

To prove that the faintnefs of the

eleftric light in vacuo, depends on the enlarged dimen-

fions of the fpace through which it isdiffufed
; we have no-

thing more to do than to introduce two pointed wires into

the vacuum, fo that the fluid may pafs from the point of the

one, to the point of the other ; when the diffance between

them is not more than the one tenth of an inch, in this

cafe wc fhall find a brilliancy as great as in the open air.

Experiment x.

—

Into a Torricellian vacuum, 36 inches

long, convey as much air as will fill two inches only of the

exhaufled tube if it were inverted in water
; this quantity

of air will afford refiflance enough to condenfe the fluid as

it partes through the tube into a fpark, 38 inches in length.

The brilliancy of the fpark in condenfed air, in water, and
in all fubflances through which it paflfes with difficulty,

depends on principles fimilar to thofe which account for

the preceding fadls.

V. That in the appearances of ele&ricity, as well as in

thofe of burning bodies, there are cafes in which all the rays

ol light do not efcape
; and that the mofl refrangible rays are

thofe which efcape firft or mofl eafily. The ele6lrical

brufh is always of a purple or bluifh hue. If you convey a

fpaik through a lorricellian vacuum, made without boiling

the mercury in the tube, the brufh will difplay the indigo

rays. The fpark, however, may be divided and weakened,
even in the open air, fo as to yield the molt refrangible

rays only.

Experiment xi.—To an infulatcd metallic ball, four

inches in diameter, fix a wire a foot and a half long ; this

wire
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wire fhould terminate in four ramifications, each of which
miiit be fixed to a metallic ball half an inch in diameter,

and placed at an equal difhnce from a metallic plate, which
mull be communicated by metallic conduflors with the

ground. A powerful fpark, after falling on the large ball

at one extremity of the wire, will be divided in it’s paflage

from the four fmall balls to the metallic plate. When you

examine the divilion of the fluid in a dark room, you will

difcover fome little ramifications, which will yield the in-

digo rays only : indeed at the edges of all weak fparks,

the fame purple appearance may be difcovered. You may
likewife obferve, that the nearer you approach the center

of the fpark, the greater is the brilliancy of it’s colour.

VI. That the influence of different media on eleftrical

light, is analogous to their influence on folar light, and

will help us to account for fome very Angular appearances.

Experiment xii.

—

Let a pointed wire, having a me-

tallic ball fixed to one of it’s extremities, be forced ob-

liquely into a piece of wood, fo as to make a fmall angle

with the furface of the wood, and to make the point lie

about one eighth of an inch below the furface. Let an-

other pointed wire, which communicates with the ground,

be forced in the fame manner into the fame wood, fo that

it’s point likewife may lie about one eighth of an inch be-

low the furface, and about two inches diftant from the

point of the firfl wire. Let the wood be infulated, and a

flrong fpark, which ftrikes on the metallic ball, will force?

it’s paflage through the interval of wood which lies be-

tween the points, and appear as red as blood. To prove

that this appearance depends on the wood’s abforption of

all the ravs but the red ; when tlicfc points were deepefl

below the furface, the red only came to the eye through a

prifm ;
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prifm ;
when they were raifed a little nearer the furface,

the red and orange appeared ; when nearer {till, the yel-

low ; and fo on, till, by making the fpark pafs through

the wood very near it’s furface, all the rays were at length

able to reach the eye. If the points be only one eighth ot

an inch below the furface of foft deal wood, the red, tire

orange, and the yellow rays will appear as the fpark paffes

through it ; but when the points are at an equal depth in a

harder piece of wood, (fuclr as box) the yellow, and per-

haps the orange, will difappear. As a farther proof that the

phaenomena, thus defcribed, are owing to the interpofitiori

of the wood, as a medium which abforbs fome of the ravs,

and fuffers others to efcapc ; it may be obferved, that

when the fpark llrikes very brilliantly on one fide of the

piece of deal, on the other fide it will appear very red. In
like manner, a red appearance may be given to a fpark

which llrikes brilliantly over the infide of a tube, merely
by fpreading fome pitch very thinly over the outfide of the

fame tube.

Experiment xiii.— If into a Torricellian vacuum, of
any length, a few drops of ether are conveyed, and both
ends of the vacuum are flopped up with metallic conduc-
tors, fo that a fpark may pafs through it

; the fpark in it s
palfage will affume the following appearances. When the
eye is placed clofe to the tube, the fpark will appear per-
feftly white; if the eye is removed to the dillance of fix
or feven yards, the colour of the fpark will be reddifn.
1 hefe changes evidently depend on the quantity of medium
through which the light palfes, and the red light of a diflant
candle, or a beclouded fun.

Experiment xtv.^Dr. Prieftley long ago obferved
t ie red appearance of the fpark when palling through in-

flammable
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flammable air ; but this appearance is very much diverfi-

fied by the quantity of medium, through which you look at

thefpark. When at a very confiderablc diftance, the red

comes to the eye unmixed
; but if the eye is placed clofe to

the tube, the fpark appears white and brilliant. In con-

firmation, however, of l'ome of thefe conclufions, you mull

obferve, that by increafing the quantity of fluid which is

conveyed through any portion of inflammable air, or by

condenfmg that air, the fpark may be entirely deprived of

it’s red appearance, and made perfeftly brilliant. All weak

explofions and fparks, when viewed at a diftance, bear a

reddifhhue. Such are the explofions which have pafted

through water, fpiritsof wine, or any bad conductor, when

confined in a tube whofe diameter is not more than an inch.

The rcafon of thefe appearances feems to be, that the weaker

the fpark or explofion is, the lels is the light which efcapes ;

and the more vifible the effeCt of any medium, which has a

power to abforb fome of that light.

Chalk, oyfter-fhells, together with thofe phofphoric

bodies, whofe goodnefs has been very much impaired by

long keeping, when finely powdered, and placed within

the circuit of an electrical battery, will exhibit, by their fcat-

tered particles, a fliower of light ; but thefe particles will

appear reddifh, or their phofphoric power will be fufficient

only to detain the yellow, orange, and red rays. When
fpirits of wine are in a fimilar manner brought within the

circuit of a battery, a fimilar effeft may bedifeovered ; it’s

particles diverge in feveral directions, difplaying a molt

beautiful golden appearance. The metallic calces are, of

all bodies, thofe which are rendered phofphoric with the

greateft difficulty ; but even thefe may be feattered into a

fhower of red luminous particles by the electric llroke.

Elecflrical
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EleQrical experiments made in order to afcer-

tain the non-condudling power of a perfect

vacuum, &c. by Mr. William Morgan.

The non-condufting power of a perfeft vacuum, is a fa£l

in cleflricity which has been much controverted among

philofophers. The experiments made by Mr. Walfh,

F. R. S. in the double barometer tube, clearly demonflraied

the impermeability of the elefiric light through a vacuum
;

nor was it, I think, precipitate to conclude from them the

impermeability of the eleftric fluid itfelf. But this conclu-

hon has not been univerlally admitted, and the following

experiments were made with the view of determining it’s

truth or fallacy.

A mercurial gage B, fig. 1, about 15 inches long, carc-i

fully and accurately boiled, till every particle of air was

expelled from the infide, was coated with tin-foil, 5 inches

down from it's fealed end (A), and being inverted into mer-

cury through a perforation D, in the brafs cap E, which

covered the mouth of the ciflern FI
;
the whole was cement-

ed together, and the air was exhaufted from the infide of

the ciflern through a valve C, in the brafs cap E juft men-

tioned ; which producing a perfefr vacuum in the gage B,

afforded an inflrument peculiarly well adapted for experi-

ments of this kind. Things being thus adjufted, a fmall

wire, F, having been previoufly fixed on the inlide of the

ciflern, to form a communication between the brafs cap E,

and the mercury G, into which the gage was inverted;

the coated end A was applied to the conduflor of an eleflri-

cal machine
;
and, notwithffanding every effort, neither the

imallefl ray of light, nor the flightefl charge, could ever be

procured in this exhaufted gage. It is well known, that if

a glafs tube be exhaufted by an air-pump, and coated on the

k outiide,
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outfidc, both light and a charge may very readily be pro*

cured. If the mercury in the gage be imperfettly boiled,

the experiment will not fucceed ; but the colour of the

eleftric light, which, in air rarefied by an cxhaufler, is

always violet or purple, appears in this cafe of a beautiful

green ; and what is- very curious, the degree of the air’s

rarefafrion may be nearly determined by this means. There

have been inftances known, in a courfe of experiments,

where a Imall particle of air having found it’s way into the

tube B, the eleftric light became vifible, and as ulual of a

green colour ; but the charge being often repeated, the gage

has at length cracked at it’s fealed end, and in confequence

the external air, by being admitted into the infide, has gra-

dually produced a change in the cleftric light, from green to

blue, from blue to indigo, and fo on to violet and purple,

till the medium has at laft become fo denfe, as no longer to

be a condudlor of eleftricity. There" can be little doubt,

from the above experiments, of the non-condudfing power

of a pcrfedl vacuum; and this faft is hill more ftrongly con-

firmed by the phenomena which appear upon the admififion

of a very minute particle of air into the infide of the gage.

In this cafe, the whole becomes immediately luminous, up-

on the flighted application of eledlricity, and a charge takes

place, which continues to grow more and more powerful,

in proportion as frefh air is admitted, till the denfity of the

condufting medium arrives at it’s maximum, which it

always docs when the colour of the cledlric light is indigo or

violet. Under thefe circumftanccs, the charge may be fo

far increafed, as frequently to break the glafs. In fome

tubes, which have not been completely boiled, they will

not condudl the eleftric fluid, when the mercury is fallen

very low in them
;

yet upon letting in air into the ciftern

H, fo that the mercury fhall rife in the gage B, the clcdlric

fluid, which was before latent in the infide, flrall now be-

come
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come vifible, and as the mercury continues to rife, and of

confequcnce the medium is rendered lefs rare, the light fhuli

grow more and more vifible, and the gage fha.ll at lad be

charged, notwithHanding it has not been near an eleftrical

machine for two or three days. This feems to prove, that

there is a limit even in the rarefa&ion of air, which lets

bounds to it’s conducing power
; or, in other words, that

the particles of air may be fo far feparated from each other,

as no longer to be able to tranfmit the eleclric fluid
; that

if they are brought within a certain didance of each other,

their conducting power begins, and continually increafes,

till their approach alfo arrives at it’s limit, when the parti-

cles again become fo near, as to refid the paflage of the

fluid entirely, without employing violence, which is the

cafe in common and condcnfed air, but more particularly in

the latter.

It is furprifing to obfervc, how readily an exhauded tube

is charged with elcftricity. By placing it at ten or twelve

inches from the conductor, the light may be feen pervading

it’s in fide, and as drong a charge may fometimes be procu-

red, as if it were in contaft with the conduftor. Nor does it

fignify how narrow the bore of the glafs may be
; for even

a thermometer tube, having the minuted perforation pofli-

ble, will charge with the utmod facility
; and in this expe-

riment, the phenomena are peculiarly beautiful.

Let one end of a thermometer tube be fealed hermetical-

ly; let the other end be cemented into a brafs cap with a

valve, or into a brafs cock, fo that it may be fit ted to the

plate of an air-pump. When it is exhauded, let the fealed

end be applied to the conduttor of an ele&rical machine,

while the other end is either held in the hand, or conne&ed
to the floor. Upon the dighted excitation, the clethic fluid

will accumulate at the fealed end, and be difeharged through
the in fide in the form of a fpark

; and this accumulation and.

b 2 discharge
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difcharge may be incefiantly repeated, till the tube is broken.

By this means, a fpark 42 inches long may be procured ;

and if a proper tube could be found, we might have a fpark

three or four times that length: if, inftead of the fealed end,

a bulb be blown at that extremity of the tube, the eleftric

light will fill the whole of that bulb, and then pafs through

the tube in the form ol a brilliant fpark, as in the foregoing

experiment ; though in this cafe, the charge, after a few

trials, will make a fmall perforation in the bulb. If, again,

a thermometer, filled with mercury, be inverted into a

ciftern, and the air exhaufted in the manner before deferibed

for making the experiment with the gage, a Torricellian

vacuum will be produced ; and now the electric light in the

bulb, as well as the fpark in the tube, will be of a vivid

green
;
but the bulb will not bear a frequent repetition of

charges, before it is perforated in like manner as when it

has been exhaufted by an air-pump. It can hardly be necef-

fary to obferve, that in thefe cafes the elefhie fluid a flumes
.

*1

the appearance of a fpark,* from the narrownefs of the paf-

fage through which it forces it’s way. If a tube, 40 inches

long, be fixed into a globe, 3 or 9 inches in diameter, and

the whole be exhaufted, the eleflric fluid, after pafling in
1

the form of a brilliant fpark throughout the length of the

tube, will, when it gets into the inflde of the globe, cx-
1 *

.

pand itfelf in all direftions, entirely filling it with a violet

and purple light, and exhibiting a ftriking inftance of the

vafl elaflicity of the eleftric fluid.

Mr. Biook’s method of making mercurial gages is nearly

as follows. Let a glafs tube L,fig 2, fealed hermetically at one

* By cementing the firing of a guittar into one end of a

thermometer tube, a fpark may be obtained, as well as if

the tube had been fealed hermetically.
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end, be bent into a light angle within two or three inches of

the other end
;

at the diflance of about an inch or lefs from

the angle, let a bulb K, of about | of an inch in diameter,

be blown in the curved end, and let the remainder of this

part of the tube be drawn out as to I, fo as to be fufficiently

long to take hold of, when the mercury is boiling. The

bulb K is defigned as a receptacle for the mercury, to pre-

vent it’s boiling over, and the bent figure of the tube is

adapted for it’s inverfion into the ciflern
; for by breaking

off the tube at M, within 3 or \ of an inch of the angle,

the open end of the gage may be held perpendicular to the

horizon, when it is dipped into the mercury in the ciflern,

without obliging us to bring our finger, or any other fub-

flance, into contafl with the mercury in the gage, which

never fails to render the inflrument imperfett. It is ne-

ceflary to obferve, that if the tube be fourteen or fifteen

inches long, it will be neceffary to boil it for three or four

hours; nor will it even then fuccccd, unlefs the greatefl

attention be paid that no bubbles of air lurk behind, which

will frequently happen, if the tube is not made very dry

before the mercury is put into it. If this caution be not

obferved, the inflrument can never be made perfect.

Experiments on air, by Henry Cavendish, Efq.

The apparatus ufed in making the experiments was as

follows. The air, through which the fpark was intended

to be paffed, was confined in a glafstube M bent to an an-

gle, as in fig. 7, which, after being filled with quickfilver,

was inverted into two glaffes of the fame fluid, as in the

figure. The air to be tried, was then introduced by means
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of a fmall tube, fuch as is ufed for thermometers, bent in

the manner reprefented by ABC, fig. 8, the bent end of

which, after being previoufly filled with quickfilver, was

introduced, as in the figure, under the glafs D £ F, inverted

into water, ana filled with the proper kind of air, the end

C of the tube being kept flopped by the finger; then, on

removing the finger from C, the quickfilver in the tube

defeended in the leg B C, and it’s place was fupplied with

air from the glafs D £ F. Having thus got the proper

quantity of air into the tube ABC, it was held with the

end C uppermoft, and flopped with the finger
;
and the

end A, made fmaller for that purpofe, being introduced into

one end of the bent tube M, fig. 7, the air, on removing the

finger from C, was forced into that tube by the preffure

of the quickfilver in the leg B. C. By thefe means he was

enabled to introduce the exafl quantity he pleafed of any

kind of air into the tube M ; and by the fame means,

could let up any quantity of foap-lees, or any other liquor

which he wanted to be in contatl with the air.

In one cafe, however, in which he wanted to introduce

air into the tube many times in the fame experiment, he

ufed the apparatus reprefented in fig. 9, confi fling of a

tube A B of a fmall bore, a ball C, and a tube D E of a

larger bore. This apparatus was firfl filled with quick-

filver, and then the ball C and the tube A B were filled

with air, by introducing the end A under a glafs inverted

into water, which contained the proper kind of air, and

drawing out the quickfilver from the leg ED by a fyphon.

After being thus furni fined with air, the apparatus was

weighed, and the end A introduced into one end of the
O

tube M, and kept there during the experiment; tbp way

of forcing air out of this apparatus into the tube, being by

thrufling down the tube E Da wooden cylinder, of fuch a

fize as almoft to fill up the whole bore, and by occafion*
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ally pouring quickfilvcr into the fame tube, to fupply the

place of that pufhed into the ball C. After the experiment

was finifhed, the apparatus was weighed again, which
fhewed exaflly how much air had been forced into the tube

M, during the whole experiment ; it being equal in bulk
to a quantity of quickfilver, whofe weight was equal to the

increafe of weight of the apparatus.

The bore of the tube M ufed in moll of the following

experiments, was about one tenth of an inch
; and the length

_ _ o
of the column of air, occupying the upper part of the tube,

was in general from 1 £ to | of an inch.

It is fcarcely neceflary to inform any one ufed to elec-
trical experiments, that in order to force an electrical (park
through the tube, it was neceffary, not to make a commu-
nication between the tube and the condu&or, butto place
an infulated ball at fuch a diflancc from the conduftor, as
to receive a fpark from it, and to make a communication
between that ball and the quickfilver in one of the glades,
while the quickfilver in the other glafs communicated with
the ground.

When the eleftric fpark was made to pafs through com-
mon air, included between fhort columns of a folution of
litmus, the folution acquired a red colour, and the air was
diminifhed conformably to what was obferved by Dr.
Prieftley. When lime-water was ufed inftead of the folu-
tion of litmus, and the fpark was continued till the air
could be no farther diminifhed, not the leaf! cloud could
be perceived in the lime-water

; but the air was reduced to
two thirds of it’s original hulk; which is a greater diminu-
tion than it could have differed by mere phlogiftication, as
that is very little more than one- fifth of the whole.
The experiment was next repeated with fome impure

dephlogifhcated air. The air was very much diminifhed,
but without the lead cloud being produced in the lime-

water ;
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water ; neither was any cloud produced when fixed air was

let up to it
; but on the further addition of a little cauftic

volatile alkali, a brown fediment was immediately perceived.

Hence we may conclude, that the lime-water was fatura-

ted by fome acid formed during the operation
; as in this

cafe it is evident, that no earth could be precipitated by the

fixed air alone, but that cauftic volatile alkali, on being

added, would abforb the fixed air, and thus becoming mild,

would immediately precipitate the earth ; whereas, if the

earth in the lime-water had not been faturated with an acid,

it would have been precipitated by the fixed air. As to the

brown colour of the fediment, it moft likely proceeded from

fome of the quickfilver having been dilfolved.

It mult be obferved, that if any fixed air, as well as acid,

had been generated in thefe two experiments with the lime-

water, a cloud muft have been at firft perceived in it, though

that cloud would afterwards difappear, by the earth being

re-diffolved by the acid ; for till the acid produced was fuf-

ficient to diffolve the whole of the earth, fome of the re-

mainder would be precipitated by the fixed air
;
fo that we

may fafely conclude, that no fixed air was generated in the

operation.

When the air is confined by foap-lees, the diminution

proceeds rather falter than when it is confined by lime-

water
;

for which reafon, as well as on account of their

containing fo much more alkaline matter in proportion to

their bulk, foap-lees feemed better adapted for experiments

defigneid to inveftigate the nature of this acid, than lime-

water. Accordingly fome experiments were made, to deter-

mine what degree of purity the air fhould be of, in order

to be diminifhed moft reiddy and to the greateft degree ; and

it was found, that when good dephlogifticated air was ufed,

the diminution was but fmall ;
when perfe£tly phlogifticated

air was ufed, no fcnfiblc diminution took place ; but when
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five parts of pure dephlogillicated air were mixed with three

parts of common air, almoft the whole of the air was made

to difappear. It mull be conhdered, that common air con-

fids of one part of dephlogillicated air, mixed with four of

phlogi fhicated ;
fo that a mixture of five parts of pure de-

phlogillicated air, and three of common air, is the lame

thing as a mixture of feven parts of dephlogillicated air with

three of phlogillicated.

Having made thefe previous trials, introduce into the tube

a little foap-lees, and then let up fome dephlogillicated and.

common air, mixed in the above-mentioned proportions,

which riling to the top of the tube M, divided the foap-lees

into it’s two legs, as fall as the air was diminifhed by the

elellric fpark
;
continue adding more of the fame kind, till

no further diminution takes place; after which, a little

pure dephlogillicated air, and after that a little common air,

were added, in order to fee whether the ceffation ol diminu-

tion was not owing to fome imperfeftion in the proportion

ol the two kinds of air to each other, but without efFe6l.

The foap-lees being then poured out of the tube, and fepara-

ted from the quickfilver, feemed to be perfectly neutralized,

as they did not at all difcolour paper, tinged with the juice

ol blue flowers. Being evaporated to drynefs, they left a

fmall quantity of fait, which was evidently nitre, as appear-

ed by the manner in which paper, impregnated with a folu-

tion of it, burned.

For more fatisfa£lion, he tried this experiment over again,

on a larger leale. About five times the former quantity of

loaplecs were now let. up into a tube of a larger bore
;
and a

mixture of dephlogillicated and common air, in the fame

proportions as before, being introduced by the apparatus re-

prefented in fig. g, the fpark was continued till no more air

could be made to difappear. The liquor, when poured out of

the tube, fmelled evidently of phlogillicated nitrous acid.

1 This
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This fait was found, by the manner in which paper, dipped

into a folution of it, burned, to be true nitre. It appeared, by

the te ft of terra ponderofa falita, to contain not more vitri-

olic acid than the foap-lees themfelves contained, which -was

exceftively little ; and there is no reafon to think, that any

other acid entered into it, except the nitrous.

A circumftance, however, occurred, which at fir ft. feemed

to fhew, that this fait contained fomc marine acid
; namely,

an evident precipitation took place, when a folution of fi-

ver was added to fome of it diftolved in water
;
though the

foap-lecs ufed in it's formation were perfeftly free from ma-

rine acid, and though, to prevent all danger of any precipi-

tate being formed by an excefs of alkali in it, fome purified

nitrous acid had been added to it, previous to the addition

of the folution of filver. On confideration, however, he

fufpefted, that this precipitation might arife from the nitrous

acid in it being phlogifticatcd ;
and therefore tried, whether

nitre, much phlogifticatcd, would precipitate filver from it’s

folution. For this purpofc, he expofed fome nitre to the

fire, in an earthen retort, till it had yielded a good deal of

dephlogifticatcd air: and then having diftolved it in water,

and added to it fome well purified fpirit of nitre, till it was

fen fibly acid, in order to be certain that the alkali did not

predominate, he dropped into it fome folution of filver,

which immediately made a very copious precipitate. This

folution, however, being deprived of fome of it's phlo-

gifton by evaporation to drynefs, and expofure for a few

weeks to the air, loft the property of precipitating filver

from it’s folution ;
a proof that this property depended only

on it’s phlogiftication, and not on it’s having abforbed fea

fait from the retort, or by any other means.

Hence it is certain, that nitre, when much phlogifticated,

is capable of making a precipitate with a folution of filver;

and therefore there is no reafon to think, that the precipitate,

which
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which our fait occafioncd with a folution of filver, pro-

ceeded from any other caufe than that of it’s being phlo-

<u (heated ;
efpecially as it appeared by the (moll, both on firff

taking it out of the tube, and on the addition of the Ipirit

of nitre, previous to dropping in the folution of fih ei, that

the acid in it was much phlogifticated. 1 his property of

phlogifticated nitre is worth the attention of chemifts ; as

otherwife they may fometimes be led into miftakes, in in-

veftigating the prefence of marine acid by a folution of filver.

In a former paper Mr. Cavendifh has aiferted, that when

nitre is detonated with charcoal, the acid is converted into

phlogifticated air ;
that is, into a fubftance which, as far

as he could perceive, poffelfcs all the properties of the

phlogifticated air of our atmofphcre : from which he con-

cluded, that phlogifticated air is nothing elfe than nitrous

acid united to phlogifton. According to this conclufion,

phlogifticated air ought to be reduced to nitrous acid by

being deprived of it’s phlogifton ; but as dephlogifticated

air is only water deprived of phlogifton, it is plain, that

adding dephlogifticated air to a body, is equivalent to de-

priving it of phlogifton, and adding water to it
;
and there-

fore phlogifticated air ought alfo to be reduced to nitrous

acid, by being made to unite to, or form a chemical com-

bination with dephlogifticated air; only the acid formed

this way will be more dilute, than if the phlogifticated air

was (imply deprived of phlogifton.

This being premifed. wc may fafely conclude, that in

the prefent experiments the phlogifticated air was enabled,

by means of the c'ie&rical fpark, to unite to, or form a che-

mical combination with the dephlogifticated air, and was

thereby reduced to nitrous acid, which united to the foap-

lees, and formed a folution of nitre ; for in thefc experi-

ments thofe two airs a&ually difappeared, and nitrous acid

was aftually formed in their room ; and as, moreover, it

6 has
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has juft been fhcwn, from other circumftanccs, that

phlogifticated air muft form nitrous acid when combined

with dephlogifticated air, the above-mentioned opinion

fcems to be fufficiently eftablifhed. A further confirmation

of it is, that as far as we can perceive, no diminution of

air is produced when the eleftric fpark is pafled, either

through pure dephlogifticated air, or through perfectly

phlogifticated air ; which indicates the ncceftity of a com-

bination of thefe two airs to produce the acid. Moreover,

it was found in the laft experiment, that the quantity of

nitre procured, was the fame that the foap-lees would have

produced, if faturated with nitrous acid ; which fhews,

that the produftion of the nitre was not owing to any de-

compofttion of the foap-lees.

«
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CHAP. I.

Of Electricity in general.

I
T muft appear furprifing to every fearcher

after truth, that electricity, which is now
allowed to be one of the principal agents em-
ployed in producing the phaenomena of nature,

fhould have remained fo long in obfcurity ; for,

comparatively fpeaking, it’s exiftence was not

known to the ancients. They were not, indeed,

altogether ignorant of the peculiar properties of

thofe bodies that we now term eledtrics per se ;

neverthelefs their knowledge was circumfcribed,

being confined to the obfervation only of thofe

B phaenomena
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phenomena which nature prefented to their

fenfes, in the ordinary courfe of her operations ;

hence near two thoufand years elapfed, before

any addition was made to the little which was

known to Theophraftus, and this branch of

natural hiftory remained uncultivated, till the

happy period arrived, when the philofopher was

emancipated from the chains of hypothetic rea-

foning, and the uncertainties of vague conjec-

ture.

The exigence of this fubtle, and in moft cafes

invifible, power, was then traced, and many of

it’s properties developed ; /t’s agency was dis-

covered to be univerfal, and it’s extent unli-

mited.

Eledricity has been dignified in a peculiar

manner, by engaging the attention of the philo-

fophic hiflorian ; who, by delineating the gra-

dual progrefs of it’s difeoveries, deferibing the

different theories which have been invented to

account for it’s effeds, and pointing out the

desiderata which Still remain to be explored,

has contributed, in a high degree, to enlarge the

boundaries of eledricity, and to incrcafe the

number of thofe wrho cultivate it.

Since the publication of Dr. Priefiley’s hif-

tory, the eledrical apparatus has been confider-

ably augmented, and many new experiments

have
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have been made. To deferibe the one, and to

arrange the other, under fuch heads as will point

out the connedion between the experiments and

the received theory of eledricity, was one of the

principal views I had in compofing this effay.

I alfo wifhed to put into the hands of my cus-

tomers a trad, which might enable them to ufe,

with eafe and fatisfadion, the eledrical machines

and apparatus which I recommend.

As eledricity is in it’s infancy, when confidcr-

ed as a fcience, it’s definitions and axioms can-

not be hated with geometric accuracy. I fhall

endeavour to avoid, as much as poflible, the ufe

of politive expreflion, in order to invite the

reader to examine the experiments himfelf, to

compare them one with another, and then draw

his own conclufions ; beginning with thofe ex-

periments which were the foundation of the pre-

fent hate of eledricity, and which gave rife to

the principal technical terms made ufe of in this

fcience.

Experiment i.—Rub a dry glafs tube with

a piece of dry filk, prefent light bodies, as fea-

thers, pith balls, &C. to it, they will be at-

traded, and then repelled. A piece of black or

oiled filk, on which a little amalgam has been

placed, makes the beft rubber for a Smooth glafs

B 2 tube;
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tube : foft new flannel fucceeds well with fealing

wax.

Experiment ii.

—

Rub a dry flick of fealing

wax, it will firft attract and afterwards repel

thofe light bodies that are brought near to it.

The fridtion in the two preceding experiments

has put in adtion an agent, or power, which at-

tracts and repels light bodies; this pow7er is cal-

led ELECTRICITY.

A certain quantity or natural fhare of the elec-

tric fluid, is fuppofed to be diffeminated in all

bodies, in which flare it makes no impreffion on

ourfenfes; but wrhen, by the powers of nature

or art, this equilibrium is deflroyed, and the

agency of the fluid is rendered vifible to the

fenfes, then thofe effects are produced which we

term electrical, and the body is faid to be elec-

trified.

Any fubflance, that is made by friction to

exhibit elediric appearances, is faid to be ex-

cited.

Amber, filk, jet, dry w7ood, and a variety of

other fubltances, being excited, attradt and

repel light bodies; thefe are called electrics.

Such fubflances, as metals, water, &c. the fric-

tion of which will not produce this powder of

2 attraction
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attra&ion and repulfion, are called non-elec-

trics.

When the excited glafs tube, or flick of foil-

ing wax, is in good order, and the particles of

electricity are fufficiently united to aft on the

organs of vifion
;

pencils of light will dart

from the tube in a beautiful manner, and a

fnapping noife will be heard on the approach of

any coriduftor.

Eleftricity is often excited by other caufes as

well as friftion. Thus it may be produced by
heating or cooling offome fubftances, by blow-
ing of air violently on a body, &c. nay, it is

probable, that whatever removes the flratum of
air from the furface of any body, or influences

the cohciion of it s parts, will difturb the eleftric

fluid.

The difeharge of large cannon, and the

blowing up of powder magazines, has been
known to eleftrify glafs windows.

Experiment hi.-—Let a metallic cylinder

be placed upon filk lines, or upon glafs, bring
an excited eleftric near to it, and every part of
the metallic cylinder will attraft and repel light

bodies, as forcibly as the excited eleftric itfelf.

Experiment
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Experiment iv.—Support a dry glafs rod on

filk lines, or by glafs, bring an excited eledric

near it, and no attradion or repulfion will take

place
; becaufe the eledricity cannot be tranf-

mitced through it.

From thefe experiments is deduced thediflinc-

tion between thofe bodies which produce the

eledric fluid and thofe which do not.

Thofe bodies which poffefs the power of tranf-

mitting eledricity, are called conductors and

NON-ELECTRICS.

Thofe fubftances, which are impervious to

eledricity, are called non-conductors, or

ELECTRICS.

A body which communicates with nothing

but eledrics, is faid to be insulated.

If all fubflances pofiefied an equal power of

retaining or parting with the eledric fluid, the

greater part of it’s phenomena would have re-

mained unknown to us ; but, as it paffes readily

only over the furface of fome fubflances, while

others refift it’s paflage,or are nearly impermeable

to it, we are enabled to accumulate, condenfe,

and retain it on the laft, and thus fubjed it

eafily to the teft of experiment.

From the third and fourth experiments we

learn, that excited eledrics will communicate

the elcclric powers to conduding fubflances

which
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which are infulated, that thefe will then attract

and repel light bodies, &c. fimilar to the elec-

tric itfelf ; with this difference only, that a con-

ductor, w'hich has received eledricity, parts

with it at once, when it is touched by another

condudor that communicates with the earth

;

whereas the excited eledric, under the fame

circumftances, only lofes it’s eledricity partially.

Experiment v.—Electrify, with excited glass

or sealing wax, two infulated cork balls, fuf-

pended by lines about fix inches long, and the

balls will feparate from and repel each other.

Experiment vi.

—

Eledrify one ball with

class, the other with sealing wax, and they

will be mutually attraded. 0

Thefe two oppofite and remarkably dillind

effects in the attradive and repullive powers of

eledricity, whereby one attrads what the other

repels, were difcovered at an early period of the

hiftory of this fcience.

The eledric power produced by the excitation

of glafs, is called positive electricity, and the

power produced by the excitation of fealing wax

is called negative electricity. This differ-

ence was at firft thought to depend on the eledric,

and it was then fuppofed that the two kinds of

eledricities
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electric it ies were effentially diftin6l ; but it is

now known, that each of thefe powers may be

produced from the excitation of either glafs or

fealing wax.

Electricians have been engaged, by the dif-

covery of the two foregoing diftinctions, to ex-

amine the electric properties of mod bodies, to

afeertain whether they poffeffed the pofitive or

negative powers ;
by this means the catalogue

of eleflrics has been confiderably increafed, and

it was foon found that every fubflance, we were

acquainted with, had more or lefs affinity with

the electric fluid.*

Catalogue of Conducting Substances,

i. Stony Subflances .

Stony fu'oftances in general conduft very

well, though dry and warm.

Lime-tone and lime juft burnt are equally

imperfect conductors.

Marbles conduct confiderably better than

free-ftone, and there is found very little differ-

ence

# See Dr. Prieftley’s Hiftory. Cavallo on Eleftricity.

Marat. Recherchcs fur l’ele&ricite.
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cnee among any of the fpecimens of marble

that have been tried.

A large piece of white fpar with a tinge of

blue and femi-tranfparent, will hardly conduct

in the leaft degree :
pretty ftrong fparks may be

taken from the prime conductor, while it is in

contact with it.

A piece of agate, femi-pel lucid, receives the

electric fpark into it’s fubftance
; though it will

pafs over about three quarters of an inch of it’s

furface to reach the finger that holds it, and it

difeharges the battery but {lowly.

A piece of fiate, fuch as is commonly ufed to

write on, is a much better conductor than a

piece of free-ftone, which conduCts but poorly.

Touch-ftone conducts pretty well.

A piece of gypfum and plafter of Paris con-

ducts very well, only the latter having a fmoothcr

furface takes a ftronger fpark.

A piece of afbeft from Scotland, juft as it is

taken from it’s bed, will not conduct. While

in contact with the conductor, fparks may be

taken at the diftance of half an inch with a mo-
derate electrification.

A piece of Spanifii chalk conducts much like

marble.

A piece of Egyptian granite conduCts confi-

derably better than free-ftone.

C 2, Saline
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i. Saline Bodies,
,

Oil of vitriol conducts very well.

The metallic falts in general conduct better

than any neutrals.

Vitriol of copper and of iron conduct very

well, though they will not tranfmit a fhock.

Vitriolated tartar gives a fmall fhock.

Salt-petre does not conduct fo well as fal-am-

moniac. If the eledlric explofion paffes over

it’s furface, it difperfes into a great number of

fragments, in all directions, with confiderable

violence.

Volatile fal-ammoniac gives a fmall fhock.

Rock-falt conduces, but not quite fo well as

allum ; the ele&ric fpark upon it is peculiarly

red.

Sal-ammoniac exceeds rock-falt and allum in

it’s conducing powers, but will not take the lead

fenfible fpark ;
fo that it feems made up of an

infinite number of the fined: points.

Salenitic falts conduct but poorly.

By allum the explohon is attended with a

peculiar hilling noife, like that of a fquib.

3. Inflammable Bodies.

t

A piece of pyrites, of a black colour, takes

2 fparks
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{parks at a coniiderable diftance from the prime

conductor, like fome of the inferior pieces of

charcoal.

Another piece of pyrites, which has been part

of a regular fphere, confifting of a fhining me-

tallic matter, will not condud near fo well,

though much better than any other ftony fub-

ftance. It is a medium betwixt a hone and an

ore.

Black-lead in a pencil conducts a fhock feem-

ingly like metal or charcoal. A fmall lump of

it takes as full and ftrong a fpark from the

prime condudor as a brafs knob.

4. Metals and Ores .

A piece of gold ore from Mexico is hardly to

be diftinguifhed in this refpect from the metal

itfelf.

A piece of filver ore from Potofi, though

mixed with pyrites, conduds very well.

Two pieces of copper ore, one the moft va-

luable that is known, and another of only half

the value, are hardly to be diftinguifhed from

one another in their conduding powers.

Lapis -haematites conducts pretty well.

Black-fand from the coaft of Africa, which

is a good iron ore, and part of which is aifeded

c ? by

l
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by the magnet as much as fl eel filings, is found

to conduct cledricity, but not a lhock. Sepa-

rating with the magnet all that will be eafily

attraded by it, it conduds a fhock very well

:

the reft would hardly condud at all.

The ores in which the metal is mineralized

with fulphur or arfenic, as the ores of lead,

tin, and cinnabar, the ore of quickfilver, are

little inferior to gold and filver ore.

Ores that contain nothing but the earth of

the metal, condud eledricity little better than

other {tones.

Lead, tin, iron, brafs, copper, filver, and

gold.

5 . Fluids.

The fluids of an animal body.

All fluids, excepting air and oils.

Fluids appear, in general, to be better con-

dudors in proportion as they contain lefs in-

flammable matter.

Mr. Cavendifh has fhewn, that iron wire

conduds about four hundred millions of times

better than rain or diftilled water ; i. e. the

cledricity meets with no more refiftance, in

paffing through a piece of iron wire four hundred -

million inches long, than through a column of

water

i
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water of the fame diameter only one inch long.

Sea water, or a folution of one part of fait

in thirty of water, conducts an hundred times,

and a faturated folution of fea fait feven hundred

and twenty times better than rain water.

The effluvia offlaming bodies.

Snow, fmoke, the vapour of hot water, the

vacuum produced by an air pump, charcoal,

Sec.

Electric Bodies.

Amber, jet, pitch, and fulphur
; likewife all

the precious flones, as diamonds, rubies, gar-

nets, topazes, hyacinths, chryfolites, emeralds,

fapphires, amethyfts, opals, and efpecially tour-

malins ; all refins and refinous compounds, wax,

filk, cotton ; all dry animal fubftances, as fea-

thers, wrool, hair, paper, &c. White fugar,

air, oil, chocolate, calxes of metals, dry vegeta-

bles, &c.

I do not know whether it is altogether proper

to add to this lift of electrics, the Torpedo and

Surinam Eel, living eleCtrics, whofe electricity

is put in adtion by the will of the animal.

The real and intrinfic difference between

eleCtrics and non-eleftrics, remain among the

eleftric defiderata ; for nothing more is afeer-

tained.
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tained, than that the conducting power, in

fome meafure, depends upon, or is governed by

heat. Glafs, refin, and many other articles, are

made conductors by heat ; while on the contra-

ry, cold, if not attended with moifture, renders

every eledric fubftance more electric.

Mr. Achard, of Berlin, has publifhed, in

Rozier’s Journal de Phyfique, a very ingenious

paper on this fubjed ; in which he proves, by

experiment, ift, That certain circumftances

will caufe a body to conduct eledricity, which

before was a non-conductor, zd. That thefe

circumftances are the degrees of heat to which

this body is fubjedetL Pie endeavours to ftiew,

that the principal changes which take place in

any fubftance from an increafe of heat, are an

augmentation in the ftze of it’s pores, and an

increafe of velocity in the igneous particles con-

tained in, and a&ing on, that body. PPe then

proves, that the laft circumftance does not oc-

cafton the alteration in the eledric properties ;

and infers, agreeable to the fyftem of Mr. Euler,

that the principal difference between conductors

and non-conductors of electricity confifts in the

fize of the pores of the conllituent parts of the

body.

A List
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A List of Electric Substances and
OF THE DIFFERENT ELECTRICITIES
PRODUCED BY THEM.

The back of a cat Pofitivc
fEvery Subfiance with which

it has been hitherto tried.

fEvery fubflance hitherto

Smooth glafs Pofitive tried, except the back of
i

a cat.

f Dry oiled filk, fulphur,
Pofitive < tals>

f Woollen cloth, quills, wood,

|

Negative < paper, fealing-wax, white

L ^ wax, the human hand.

Rough glafs

Tourmalin

r
J

Pofitive Amber, air.*

1
L

r

Negative Diamond, human hand.

r Metals, filk, loadflone, lea-

TT , n . ; Pofitive J ther, the hand, paper, baked
Hare s fkin j

^
wood.

^ Negative Other finer furs.

White filk
C Pofitive

^

Black filk, metals, black

cloth.

]
Negative ( Paper, hand, hair, weafel’s

L ( fkin.

* i. e. By blowing with a pair of bellows upon it. By

this means many cleCtrics may be excited, and fome better

if the air blown is hot, although, in both cafes, very little

electricity can be obtained.

Black
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Black (ilk \
t

Pofitive

Negative

Sealing wax.

Hare’s, weafel’s, and ferret’s

Ikins, loadftone, brafs, filver,

iron, the hand.

Sealing wax

Pofitive

Negative

Metals.

blare’s, weafel’s, and ferret’s

fkins, hand, leather, woollen

cloth, paper.

Baked wood ^
Pofitive

^
Negative

Silk.

Flannel.

Many circumdances, apparently trifling, will

occafion an alteration in thefe contrary eledrici-

ties. It has been laid, that of two equal fub-

dances rubbed together, that which differs the

greated friction, or is mod heated, acquires the

negative eledricity. Though this in many cafes

holds true, with refped to filk ribbons, yet

Mr. Bergman fays, that if the ribbon A be black,

it will never become pofitive, unlefs B be black

likewife. With pieces of glafs the effed is con-

trary ; for, if they are both equal, the piece A,

which is drawn acrofs the piece B, becomes

negative
; and B, which differs the greateft

fridion, becomes pofitive. Heating by fire

produces the fame effed as the greater fridion.

If one piece of glafs be thicker than the other,

the former becomes pofitive, the latter negative.

Coloured
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Coloured glafs, even when heated, becomes

negative, if rubbed with common white glafs.

If a piece of blue glafs is rubbed againft a green

one, the blue glafs becomes ftrongly pohtive,

&c. Bergman, Swedifh Tran. 1765.

The electricities produced by hair and glafs

rubbed together feem to bal lance each other, and

are therefore different according to the manner

of rubbing and the quality of the hair.

Hair of a living animal, or hair newly cut,

when rubbed with a glafs tube lengthways, is

pofitive ;
and here, the glafs, which fuffers the

greateft friCtion, is negative. But if the glafs

tube be drawn acrofs the animal’s back, or

acrofs a fkain of hair newly cut, the glafs be-

comes pofitive. Old dry hair, rubbed on glafs

or on living hair, always becomes negative
; but

if the hair is a little greafed with tallow, the

fame effeCt is produced as with living hair.

Wilke Swed. Tran. 1769.

EleCtrics differ from each other with refpeCt

to the facility with which they are excited, their

force when excited, and the power with which

they retain the cffeCfs of the excitation.

Silk feems preferable to any other eleftric

fubftance, for exhibiting a permanent and ftrong

attractive and repullive power.

D Glafs
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Glafs appears to have the advantage in exhi-

biting the clettric light, attraction, and repul (ion

in quick fucceffion, in a very vigorous, though

not a durable manner.

Negative eledtrics, as amber, gum-lac, ful-

phur, refin, and all refinous fubltances, exhibit

the electric appearances for the greateft length

of time. A (ingle excitation is fufficient to

make them do fo for many weeks, in favourable

circumltances. They are aifo remarkable for

the ftrong eledtric powers which they communi-

cate to condudting bodies that come in contact

with them, and which they will continue to

communicate for a confiderable time.

It may be proper to obferve here, that the

two clalfes of electrics and non-eledtrics are not

fo ftrongly marked by nature as to enable the

electrician to arrange every fubltance with pro-

priety : hence the fame fubltance has been

placed by different writers in a different clafs.

Befides this, the eledlric properties of the fame

fubltance vary on a change of circumltances ;

thus a piece of green wood is a condudtor ; the

fame piece, after it has been baked, becomes a

non-conaudtor ,* charred and formed into char-

coal, it again condudts the electric fluid; but

when reduced to allies, is impervious to it.

2 But
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But further, the diftindions themfelves are very-

inaccurate, fince every fubftance is in a certain

degree a condudor of this fluid, though fome

reflft it’s pafllige more than others.

D 2 CHAP.

9
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C H A P. II.

Of the Electrical Machine ; with Direc-

tions FOR EXCITING IT.

A S foon as the properties of electricity were

A. in forne meafure developed, the philofo'

pher and the artilt concurred in contriving and

executing a variety of machines to excite and

accumulate this extraordinary agent. The

greater part of thefe have been laid afide, in

proportion as the fcience advanced, and it’s

boundaries were extended. 1 fhall, therefore,

only ddcribc that electrical machine which is

now in general ufe, whofe conftruction is fimple,

and well adapted to produce the electric fluid

in great quantities, and tranfmit it in full and

continued dreams to the prime conductor.

That the operator may fucceed in producing

this effebt, I {hall fir It enumerate thofe parts ot

the machine which require molt attention ; then

deferibe the machine itfelf, and alterwards give

inftrudtions to enable him to excite it power-

fully.

The following are the parts of an electrical

machine, which fall more immediately under

the care of the eleftrician.

i. The
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j. The ele&ric, which is to be excited, as

the glafs cylinder.

2. The mechanical contrivances by which the

electric is put in motion.

3. The cufhion and it’s appendages.

4. The conductor or conductors.

Fig. 1 and 2, plate I. reprefent two cleCtrical

machines made on the molt: approved conftruc-

tion. They are both mounted and ufed in the

fame manner, and differ only in the mechanifm

by which the cylinder is put in motion.

The cylinder of the machine, fig. 2. is turned

round by means of the two w'heels a b, c d,

which act on each other by a catgut band, part

of which is feen at e and f.

The cylinder of the machine, which is repre-

fented in fig. 1, is put in motion by a fimple

winch, which is lefs complicated than the multi-

plying wheel, and therefore not fo liable to be

out of order. * Molt practical electricians,

however, prefer a machine which is moved by a

multiplying wheel, as it fatigues the operator

lefs than that which is moved by a fimple winch

;

while at the fame time a moderate increafe of

velocity

* I have lately improved the machines made with a mul-

tiplying wheel, rendered them more durable, and not more

liable to be put out of order than thofe which turn only

with a winch.
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velocity in the cylinder augments the momentum
of the elediic fluid, and produces a greater

quantity of it in the fame time, and thus pre-

vents it’s being abforbed by the cufhion. And
further, when the machine is fixed to a table,

the pofition of the lower multiplying wheel is

more advantageous to the operator, giving him a

greater power over the cylinder and fatiguing

him lefs ; it may alfo be turned with the right

hand, which cannot be done conveniently with

the other. *

As the two machines, which are reprefented

in fig. i and 2, plate I. are nearly fimilar, the

fame letters of reference are ufed in deferibing

them.

Fig. 1 and 2. ABC reprefent the bottom

board of the machine.

D and E, the two perpendicular fupports,

which fuftain or carry the glafs cylinder F G
HI.
The axis of the cap K caffes through the fup-

port D ;
on the extremity of this axis either a

fimple winch is fitted, as in fig. 1, ora pulley, as

in fig. 2.

The axis of the other cap runs in a fmall hole

which is made in the top of the fupport E,

OP is

* It may be proper to remark, that thofe with a fimple

winch are cheaper than thofe with a multiplying wheel.
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O P is thcr glafs pillar to which the cufhion

is fixed, T a brafs ferew at the bottom of this

pillar, which is to regulate the preffure of the

c ii 111ion againft the cylinder. This adjufling

ferew is peculiarly advantageous. By it the ope-

rator is enabled to leffen or increafe gradually

the preffure of the cufhion, which it effects in a

much neater manner than it is poffible to do when
the infulating pillar is fixed on a Hiding-board, a

method that difgraccs the maker.

g hi A piece of filk that comes from the

under edge of the cufhion, and lies on the

cylinder, paffing between it and the cufhion, till

it nearly meets the collecting points of the con-
ductor.

t

On the top of the pillar O P is a conductor,

which is conneaed with the cufhion, which is

called the negative conductor. In both figures

this conductor is fuppofed to be fixed clofe to the

cufhion, and to lie parallel to the glafs cylinder.

In fig. r, it is brought forwards, or placed too
near the handle, in older that more of it may be
in fight, as at R S; in fig. 2

, the end R S only
is feen.

t Z, fig. 1 and 2
, reprefents the pofitive

prime conductor, or that which takes the elec-
tric fluid immediately from the cylinder, LM
the glafs pillar by which it is fupported and

infulated,
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inful ated, and V X a wooden foot or bafe for

the glafs pillar. In fig. i, this conductor is

placed in a direction parallel (which is the belt

pofition) to the glafs cylinder
;

in fig. 2, it (lands

at right angles to the cylinder
; it may be placed

in either pofition occadonally, as is mod conve-

nient to the operator. In general, electrical ma-

chines are fold with a fingle conductor; though

there are many experiments where two are con-

venient, and from fome improvements I have

lately made in the apparatus, they are rendered

exceeding proper for experimental inquiries.

Directions for keeping the Machine in

Order.

Before the eleCtrical machine is put in mo-
tion, examine thofe parts which are liable to

wear either from the friCtion of one furface

againft another, or to be injured by the dirt, that

may infinuate itfelf between the rubbing furfaces ;

fuch as the axes which work in the wooden fup-

ports D E, and the axis of the large wheel c d,

fig. 2.

If any grating or difagreeable noife is heard,

the place from whence it proceeds mud be dif-

covered, wiped clean, and rubbed over with a

Email quantity of tallow : a little fvveet oil or

tallow



Electricity. 33

tallow fhould alfo be occafionally applied to the

axis of the cylinder.

The fcrews that belong to the frame fhould

be examined, and if they are loofe, they fhould be

tightened.

The different working parts of the machine

having been looked into, and put in order, the

glafs cylinder, and the pillars which fupport the

cufhion and conductor, lhould be carefully wiped,

to free them from the moiflure which glafs at-

tracts from the air, being particularly attentive

to leave no moifture on the ends of the cylinder,

as any damp on thefe parts carries off the elec-

tric fluid, and leffens the force of the machine.

Glafs pillars have been fometimes ufed to fup-

port the cylinder, but they can be of no ufe,

unlefs the foregoing circumflance is conftantly

attended to; and if that is obferved, they are fu-

perfluous.

Take care that no duff, loofe threads, or fila-

ments adhere to the cylinder, it’s frame, the con-

ductors, or their infulating pillars; becaufe thefe

will gradually diflipate the electric fluid, and pre-

vent the' machine from acting powerfully.

Rub the glafs cylinder firft with a clean, coarfe,

dry, warm cloth, or a piece of wafh leather, and

then with a piece of dry, warm, foft fllk ; do

the fame to all the glafs infulating pillars of the

E machine
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machine and apparatus ; thefe pillars mud be

rubbed more lightly than the cylinder, becaufe

they are varnifhed.

A hot iron may in fome cafes be placed on the

foot of the condudtor, to evaporate the moidure

which would otherwife injure the experiments.

Of the Circumstances necessary to be at-

tended to, in Order to excite a large

Quantity of the Electric Fluid.

In order to find out an effedlual mode of ex-

citing powerfully an electrical machine, it is ne-

ceflary to frame fome idea of the mechanifm by

which the cylinder extracts the eledtric fluid from

the cufhion, and thofe bodies which are con-

nected with it; I have, therefore, fubjoined thofe

conjeftures on which I have worked, and by

which I have been able to excite, in the mod
powerful manner, the machines which have

pafled through my hands.

It appears to me, that the refiftance of the air

is leffened, or a kind of vacuum is produced,

where the cufhion is in clofe contadt with the cy-

linder
; that the eledtric matter, agreeable to the

law obfervcd by all other eladic fluids, is prefled

towards that part where it finds lead refidance ;

the fame inflant, therefore, that the cylinder is

fepa rated
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feparated from the cufhion, the fire iffues forth in

abundance, becaufe the refiftance made to it by

the aCtion of the atmofphere is leflened at that

part ; a further circumftance is alfo to be taken

into this hypothefis, namely, the effeCt which arifes

from the deftruCtion of the attraction or cohefion

between the cylinder and culhion. The more

perfect the continuity is made, and the quicker

the folution of it, the greater is the quantity

which will proceed from the cufhion. But, as

the fluid in this fituation will enter with avidity

every conducting fubftance that is near it, if any

amalgam lies above that part of the cufhion

which is in contaCt with the cylinder, it will ab-

forb and carry back part of the elcCtric fire to the

refervoir from whence it v/as extracted.

If thefe conje&ures be true, to excite an elec-

trical machine effectually, we muff,

iff. Find out thofe parts of the cufhion which
are preffed by the glafs cylinder.

2d, Apply the amalgam only to thofe parts.

3d, Make the line of contaCt between the

cylinder and cufhion as pcrfeCt as poflible.

4th, Prevent the fire that is collected from
efcaping.

About the year 1772, I applied a loofe flap

of leather to the front of the cufhion; the amal-
gam was fpread over the whole of the flap ;

E 2 the
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the cufliion was then put in it’s place, and the

loofe flap of leather doubled down, or rather

turned in, more or lefs, till by fucceflive expe-

riments that fituation was difcovered which pro-

duced the greateft effed ; for, by this means,

the quantity of amalgam ading againfl: the

cylinder was lefiened, and the true line of con-

tad in fome meafure afeertained. Hence I was

naturally led to contrad the breadth of the

cufliion, and afterwards to place it in fuch a

manner that it might be eafily raifed or lowered.

To find the line of contad formed between

the cylinder and cufliion, place a line of whit-

ing, which has been previoufly diflolved in fpirits

of wine, on the cylinder; on turning this round,

the whiting is depofited on the cufliion, and

marks thofe parts of it which bear or rub againfl

the cylinder. The amalgam is to be put on

thofe parts only, which are thus marked by the

whiting : this line may alfo be afeertained, by

obferving the parts of the cufliion which gather

the dull from the cylinder, and laying the

amalgam only on thofe parts.

The line of contad being found, and the

amalgam placed on it, the cylinder is to be

rubbed with a piece of leather which is cover-

ed with amalgam, which will render the con-

tad between the cylinder and cufliion more

perfed.
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perfeft, becaufe it fills the fmaller pores of the

glafs with amalgam, and depofits the fuperfluous

particles on the cufhion ; it is alfo probable that

the amalgam, thus depofited on the furface of

the glafs, forms a continued feries of conducing

particles, which carry the fire to the prime con-

ductor, and will confequently, under certain cir-

cumftances, carry it back again to the cufhion.

When the cylinder is rubbed with the amalga-

mated leather, that part of the oil, or black filk,

which lies above the cufhion, is to be turned

back, and if, by accident, any particles of amal-

gam ftick to it, they muft be wiped off carefully.

If the machine has not been ufed for fome time,

it will be proper to place it, for a few minutes,

before a fire, and to take off the cufhion and dry

the filk thereof.

If the electricity of the cylinder grows lefs

powerful, it is eafily renewed by turning back the

filk which lies over it, and then rubbing the

cylinder with the amalgamated leather, or by

occafionally altering the prefiure of the adjufiing

ferew.

A very fmall quantity of tallow placed over

the amalgam, is obferved to give more force to

the eledtric powers of the cylinder ; the fame end

is anfwered by rubbing the cylinder with a

coarfe cloth that has been greafed a little, and

afterwards
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afterwards wiping the cylinder with a clean

cloth.

Experiment vii.

—

When the cylinder is put

into good action, a number of circular lines of

fire will iffue from the cufhion
;
prefent a row of

metallic points towards thefe, and they will dis-

appear. This experiment fhews, the conducing

fubfiance collects the eledfric fluid before it can

take thofe appearances, or be diflipated into the

air.

Hence we learn, that to prevent a lofs of the

eledtric fluid which is excited, wre muft prevent

the air from adting on the fluid, which is put in

motion by the excitation ; becaufe the air not

only refills the emiflion of the fluid, but alfo

diflipates what is colledted on account of the con-

ducting fubfiances, wifich are continually floating

in it.

Thefe ends are effectually anfwered by letting

a non-conducting fubfiance, as a piece of black

» or oiled filk, proceed from the line of contact to

the collecting points of the prime condudtor, and

placing thefe points within it's atmofphere. The

ftreams of fire, which proceed from the cufhion

over the cylinder, fhew whether the cufhion

bears uniformly againfi the cylinder; for they are

moft copious and denfe at thofe parts where the

preflure
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P refill re isgreateft, but are uniformly denfe, when
the preflure is equable.

When the zinc amalgam is ufed, the filk will

fometimes adhere fo ftrongly to the cylinder as

to render it very difficult to turn
; to obviate this,

wipe the filk perfedly clean, and then rub it over
with a very fmall quantity of aurum mufivum, or
a little whiting.

1 he operator ought not to think his machine
in good order till it pours forth the fire in great

abundance, and ftrong denfe fparks are obtained
in quick fuccefiion from the conductor. When
the condudor is removed, the fire fhould fparklc

round the cylinder, and throw out many beauti-

ful bruffies of light.

Two kinds of amalgam are much in requeft
at prefent. One is made of quickfilver five

paits, zinc one part, which are melted together
with a fmall quantity of bees-wax : the other is

the aurum mufivum of the ffiops. I find it diffi-

cult, after many trials, to fay which of thefe ad
the beft. To make either amalgam adhere clofely

to the filk, it is neceffiary to greafe it, wipe off the
fuperfiuous greafe, and then fpread the amalgam.

Ihe following experiment illufirates and con-
firms the foregoing conjedures on the mcchanifm
by which the fluid is extraded from the cufhion,
and thofe bodies which are connedcd with it.

Expe-
2
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Experiment viii.

—

Breakaftickoffealing wax

in two pieces ; thofe extremities that were con-

tiguous will be found elcdtrificd with contrary

powers ; one will be pofitively, the other nega-

tively, electrified.

Experiment ix.

—

Put the machine in aCtion,

connect the cufhion by a chain with the ground,

and thofe bodies which communicate with the

pofitive conductor will be eleCtrified pofitively.

ConneCt the pofitive conductor with the earth by

a chain, take off the chain from the cufhion, and

thofe bodies which communicate with the cufhion

or negative conductor will be eleCtrified nega-

tively.

Experiment x.

—

ConneCt the pofitive con-

ductor by a chain with the table ; turn the cylin-

der, and the cufhion will be found to be nega-

tively eleCtrified. Take the chain off from the

pofitive conductor, and both will exhibit figns

of electricity ;
but any electrified body, which is

attracted by the one, will be repelled by the other.

If they are brought fufficiently near to each other,

fparks will pafs between them, and they will aCt

on each other ftronger than on any other bodies.

If they are connected together, the eleCtricity of

the one will defiroy that ofthe other ; for though

the
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the fire feems to proceed from the cufhion to the

conductor, the two, when thus conjoined, will

exhibit no figns of eledlricity, becaufe the fire is

continually circulating from one to the other, and

is therefore kept always in the fame Rate.

We fee, by this experiment, that electric ap-

pearances are produced both in the eledlric which

is excited, and the fubftance by which it is ex-

cited, provided that fubftance be infulated ; but

their eledlric powers are direblly reverfe of each

other, and may be diftinguifhed by oppofite

effebls.

Experiment xi.

—

If the cufhion and the con-

dudlor are both infulated, it is obferved, that the

lefs eledlric fluid is obtained, the more perfebt

the infulation is made.

The moifture which is at all times floating in

the air, together with the fmall points, from

which it is impoflible totally to free the cufhion,

do not permit it to be perfedlly infulated, fo as

to afford no fupply of eledlric matter to the

cufhion.

If the air, and other parts of the apparatus, are

very dry, little or no eledlricity will be produced

in the above-mentioned circumftances.

From this experiment it is inferred, that the

eledtric powers do not exift in the elcblrics them-

F fclves.
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‘/elves, but are produced from the earth by the

excitation of eleCtrics ; or that the electric matter

on the prime conductor is not produced by the

friftion of the cylinder again!! thecufhion, but is

collected' by that operation font it, and from

thofe bodies which are connected with it.

As Dr. Franklin feems to have fuggefted this

idea firft that the eleftric fluid is collected from

the earth, I have fubjoined his own account of the
.

experiment which led him to this conclufion.

Experiment xii.—Let one perfon hand on

wax (or be infulated) and rub aglafs tube, and let

another perfon on wax take the fire from the firft,

they will both of them (provided they do not (land

fo near as to touch each other) appear to be

electrified to a perfon handing on the floor; that

is, he will perceive a fpark on approaching

either of them with his knuckle.

2. But if the perfons on wax touch one another

during the excitation of the tube, neither of them

will appear to be electrified.

3. If they touch one another after the exciting

the tube, and draw the fire as aforefaid, there will

be a ftronc/cr fpark between them, than was be-
O -*

tween either o! them and the perfon on the

floor.

5

4.

After
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4. After fuch a ffrong fpark neither of them

difeover any electricity.

Thefe appearances he accounts for thus : he

fuppofes the eleCtric fire is a common. clement,

of which each of the three perfons has his equal

fhare before any operation is begun with the

tube.

A, who flands upon wax and rubs the tube,

collets the eleClrical fire from himfelf into the

glafs, and his communication with the common

llock being cut off' by the wax, his body is not

again immediately fupplied.

B, who alfo {lands upon wax, paffing his

knuckle along the tube, receives the fire which

was collected from A, and being infulated he

retains this additional quantity.

To C both appear electrified; for he, having

only the middle quantity of electrical fire, receives

a fpark on approaching B, who has an over quan-

tity, but gives one to A, who has an under

quantity.

If A and B approach to touch each other, the

fpark is ftronger, becaufe the difference between

them is greater. After this touch there is no fpark

betwxen either of them and C, bccaufe the

eleClrical fluid in all is reduced to the original

equality. If they touch while electrifying, the

equality is never deffroyed, the fire is only

F 2 circulating

;
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circulating : hence we fay, that B is eledrifkd

pofmvely, A negatively.

As thofe experiments have been defcribed,

which are the foundation of our prefent know-

ledge in eledricity, I hope it will not be deemed

improper to introduce in this place thofe hypo-

thefes which have been built on them.

Dr. Franklin’s hypothecs depends on, and

maybe reduced to, the following principles.

1. That the atmofphere and all terreftrial
/

fubftances are full of eledric matter.

2. That the operations of eledricity depend

on one fluid sui generis, extremely fubtle and

elaftic.

3. Glafs and other eledric fubftances, though

they contain a great deal of eledric matter, are

IMPERMEABLE tO it.

4. That the eledric matter violently repels

itfclf, and attrads all other matter.

5. That conduding fubftances are permeable

to the eledric matter through their whole fub-

ftance, and do not condud merely over their

furface.

6. Pofttive eledricity is when a body has

more than it’s natural {hare of the eledric

fluid, and negative eledricity when it has lefs

than it’s natural {hare.

The
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The following hypothefis is extradled from

the analyfis of a courfe of ledtures by Mr.

Atwood, to which, and Mr. Eeles’s philofo-

phical effays, I muft refer the reader for a fuller

account of it ; in the courfe of this efiay many

obfervations will occur, which tend to confirm

this, and refute the foregoing hypothefis.

HYPOTHESIS.
1. That two eledtric powers exift together

in all bodies.

2. Since they counteradl each other when

united, they can be made evident to the fenfes

only by their reparation.

3. The two powers are feparated in non-

eledlrics by the excitation of eledtrics, or by

the application of excited eledtrics.

4. The powers cannot be feparated in eledtric

fubflances.

5.

The two eledlricities attradl each other

ftrongly through the fubftance of eledlrics.

6. Eledtric fubflances are impervious to the

tw’o eledlricities.

7. Either power, when applied to an unelec-

trified body, repels the power of the fame fort,

and attradls the contrary power.

A Description
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A Description of some Parts of the Electric

Apparatus, which could not be regularly

introduced in the Body of the Work.

Fig. i, plate II. rcprefents a common difcharg-

ingroch it is generally made ofbrafs wire, with

a ball at each of it’s ends. To difcharge a Leyden

bottle with it, hold the femicircular part in the

hand, place one ball ofthe difehargingrod on the

coating of the phial, then bring the other to

touch the knob ofthe wire which communicates

with the infide, when an explofion wdll enfue,

and the phial will be difeharged.

Fig. 2, plate II. is a jointed difeharging rod

with a glafs handle, the legs of which may be

moved, and fet to any given diftance from each

other by means of the joint C ; the extremities

of the legs are pointed, the points enter into

the balls a, b, which ferew on the legs, and

from which they may be unferewed at pleafure;

fo that either the balls or the points may be ufed

as occafion requires.

Fig. 3, plate II. rcprefents the univerfal dif-

charger ; an indrument which is of very exten-

sive ufe in forming communications to direft or

convey the elcftric fhock through any part ofa

given fubdance. Many examples of the utility

of this indrument will occur in the courfeofthis

dfay.
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cfoy. When the univerfal difcharger is made oil

a large fcale, it is a convenient apparatus to enable
a perfon to eledrify himfelf

; fee fig. 87 .

A B
- % 3> is the fcafe of the univerfal dif-

charger; on this are fixed two perpendicular glafs

pillars C, D ; on the top of each of thefe is

cemented a brafs cap, to which is fixed a double
joint, or one which has both a vertical and hori-
zontal motion

; on the top ofeach joint is a fpring
tube which receives the wires E T, E F ; thefe
wires may be fet at various difiances from each
other, and turned in any direction

; the extre-
mities of the wires are pointed, the points are
covered occafionally by the brafs balls, which are
made to fit on the wires by fpring fockets : G H
is a fmall wooden table, on the furface of which
a flip of ivory is inlaid

; this table is furnifhed
with a cylindrical ftem, which fits into a cavity
of the pillar I; it may be raifed occafionally to
various heights, and fixed at any one of them by
the ferew K.

4* plate II. is a little wooden prefs, fur-
nifhed with a fiem, which fits the cavity in the
pillar I, fig. 3 ,

into which it is to be placed
occafionally, when the table G H is removed.
The prefs confifis of two boards, which are
brought clofe to each other by means of the
ferews a a.

Fig.
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Fig. 5, plate II. is Mr. Kinnerfley's elec-

trical air thermometer ; a b is a glafs tube, on

each end of which a brafs cap is cemented ; c d

is a fmall glafs tube, open at both ends, which

pafifes through the upper, and defeends nearly to

the under plate : a box fcale, which is divided

into inches and tenths of inches, is fitted to the

upper part of this tube
; g is a brafs wire with a

ball on it, which is ferewed to the under plate,

a fimilar wire f h is made to pafs through a collar

of leathers on the upper plate, and may be placed

at any convenient diftance from the lower wire.

Electricians have long wifhed for an infiru-

ment which would afeertain, in an exaCt and

invariable manner, the degree of electricity

excited when any experiment is made. For this

purpofe a great many contrivances have been

propofed and executed, which, upon trial, are

all found to be very defective.

An eledtrometer ought to have the following

properties,

1. It fhould befimple in it’s conftruCiion, and

not compofed of many parts.

2. It fhould not be effefted by the variations

of the atmofphere.

3. It fhould indicate fmall as well as large

degrees of electricity.

4.

Not
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4. Not to be adjufted to any fixed mea-

fure.

5. The eleCtric power fhould be exprefl'ed

by a fixed and invariable force, as that of

gravity.

6. That the obferver be enabled to read off

the divilions at a diftance, which will prevent

his weakening the influence of the eleCtric

powers.

Plate II. fig. 6, reprefents the quadrant

electrometer, the mod ufeful infirument of the

kind yet difcovered, as w'ell for meafuring

the degree of electricity of any body, as to

afeertain the quantity of a charge before an ex-

piofion ; and to difeover the exatt time the

eledtricity of a jar changes, when without making
an explofion, it is difeharged by giving it a

quantity of the contrary eleCtricity. The pillar

L M is generally made of wood, the graduated

arch N O P of ivory, the rod R S is made of very

light wood, with a pith ball at the extremity

;

it turns upon the center of the femicircle, Co as

always to keep near it's furface
; the extremity

of the Item L M may either be fitted to the

conductor or the knob of a jar. When the ap-

paratus is electrified, the rod is repelled by the

Item, and moves along the graduated arch of the

femicircle, fo as to mark the degree to which

G the
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the condudlor is ele&rified, or the height to

which the charge of the jar is advanced.

Beccaria recommends fixing the index between

two femicircles, bccauie when it is placed over

one only, the electricity of this repels and coun-

teracts the motion of the index. Other improve-

ments and variations have been made in this

inftrument, which will be deferibed hereafter.

Plate II. fig. 9, is an ele&rometer which

was contrived many years fince by Mr. Townfend,

to afeertain the real force of the eleCtric explofion.

a b is a fmall ivory plate, c a loofe cone of ivory

to be placed on the plate a b, e f g, a circle which

turns freely on two centres, an arm, d, of wood

proceeds from this circle and lies on the cone of

ivory. The difeharge is made to pafs under the

cone which throws up the arm d, the elevation

of which is marked by the index h ; a piece of

filk firing is fixed at one end to the bottom board

at i, and paffes over the wheel ;
a weight k is tied

to the other end to regulate the friCtion of the

circle e fg.

Fig. 8 is an inhibiting fiool
;
the feet are of

glafs. When it is ufed, the inflation will be

rendered more perfect by placing a fheet of pa-

per well dried under the feet of the fiool.

C H A P*
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C II A P, III.

The Properties of Electric Attraction and
Repulsion, illustrated by Experiments on

light Bodies.

TVJATURAL philofophers were originally

^ incited to confider the nature of electricity

from it’s hrong attractive and repulfive powers.

The phenomena exhibited by thofe myherious

properties are fo various and fo pleafing, that

they were led, as by enchantment, to purfue the

fubjeCt ; and have been richly rewarded by the

difeoveries, which are both interefling and

important.

The powers of genius have been exerted .with

induhrious ardour to invehigate the caufes of

thofe properties
; but they are hill involved in

deep obfeurity, and we are hill totally ignorant

of that mechanifm by which light bodies, when
electrified, approach to or recede from each other*

To enter into a difeuffion of the difficulties *

which perplex this fubjeCt, would lead me too

G 2 far

* “ Qui pourroit concevoir qu’un corps agit on il n'tfi

" Pas
5 fons aucun intermede ? Deux particules de matiere

“ font
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far from the defign of this effay ; I lhall, there-

fore, proceed to date thofe general properties,

or modes of adion, which are obferved in eledric

attraction and repulfion, and then defcribe the

experiments from which thofe properties have

been deduced, or by which they are illuftrated.

General Properties of Electrical Attrac-

tion and Repulsion.

t. The eledric fluid, when in adion, difpofes

or places light bodies in fuch manner as will bed

facilitate it’s tranfmiffion through them, with the

greated velocity ;
and this in proportion to the

gravity of the body, it’s conducting power, and

the date of the air.

2.

Bodies that are eledrided podtivcly repel

each other.

3. Bodies eledrided negatively repel each

other.

4. Bodies eledrided by contrary powers-

attrad each other drongly.

5. Bodies that are eledrided, attrad thofe

fubdances which are not eledrided.

6.

Thofe
1

ti font a cent milles lieues, ou a cent milliemes parties d un

“ ligne de didance I’un de 1’ autre, fans aucune communi-

“ cation materielle entrelles, et a 1’ocafioil de 1’une l’autrc

u fc mouvroit ! !
” De Luc. Lettres Phyfiques, &c.
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6 . Thofe fubftances that are brought within the

influence of electrified bodies, become poffelTed of

a contrary electricity ; or eleCtrified fubflances,

without parting with their own electricity, aCt

upon other bodies in their neighbourhood, pro-

ducing in them an eleCtricity which is contrary

to their own ;
or bodies which are immerged in

an electric atmofphere always become poiTefled

of an eleCtricity contrary to that of the body in

whofe atmofphere they are immerged.

The experiments defcribed in this chapter are

Ample, eafily performed, and certain in their

refults ; and, though they may at firft light

appear to be trifling, yet, on an attentive exami-

nation, they will be found of conliderable import-

ance, as they afford a clue to inveftigafe and

explain a variety of eleCtric phenomena, and

exhibit, in a ftrong point of view, fome of the

contrary effeCts of negative and pofitive elec-

tricity.

Thefe experiments may all be made with a

fmall and portable apparatus
; confifting generally

of two brafs tubes, as A and B, fig. 22 ; each of

thefe is fupported on a glafs pillar G, which

ferews into a wooden foot H ; a pair of fmall pith

balls fufpended on linen threads, as I, K, fit

upon each tube by means of a fmall brafs ring;

thefe tubes, with a piece of fealing-wax or a glafs

tube.
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tube, are fufficient to illuftrate the greater part

of the experiments in this chapter, as well as

fomeof the principal phenomena in eledricity.

The apparatus will be rendered more complete,

when it confifts of four brafs tubes with their

Hands.

Mr. Wilfon, in a mafterly trad on this fub-

jed, entitled, “ A (hort View of Eledricity,”

has, with a fimilar apparatus, explained and

illuftrated all it’s general principles.

Experiment xiii.—Touch a pair ofinfulated

pith balls with an excited glafs tube, they will

become eledrified, and will feparate from each

other ; the balls are eledrified pofitively, and are

therefore attraded by excited wax, and repelled

by excited glafs.

As thofe light fubfiances, which poflefs the

fame eledric power, repel each other ; we can

eafily difeover whether they are eledrified poll-

lively or negatively, by prefenting an excited ftick

of fealing-wax or glafs to them. It they are at-

traded by the glafs they are negatively, it repelled

by it they are pofitively eledrified ;
on the con-

trary, if repelled by the excited wax, they are

negative, if attraded, pofitive.

In afeertaining the nature of the eledric

r
y

powers,
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powers, we muft avoid bringing the bodies to

be tried near each other fuddenly ; or one with

a ftrong ele&ricity near another which is weakly

fo ; as it may render the experiment doubtful by
attracting and not repelling the light body.

Experiment xiv.—Hold an excited glafs tube

over one of the brafs tubes, but at fome diftancc

from it, part of the natural quantity of electricity

contained in the brafs tube will be driven into the

pith balls that are annexed to it, by the excited

glafs, the balls will diverge with pofitive elec-

tricity
; remove the excited glafs, the balls will

then return to their natural ftate, and clofe.

If the excited glafs continues in it's place, the

balls will continue to be repelled
; for the excited

eleClric will always continue to feparate the

powers of electricity, or in other words to force

3 quantity from the furface of the tube
; and will

alfo prevent it’s return, fo long as it continues of
the fame force, and arts at the fame d iffance.

The nearer the excited eledtric is brought, the

greater is the effect.

The fphere of aft ion of an excited eleCtric has
been diftingui fhed into two parts, one termed the

SPHERE OF influence, in which the balls will

ieparate, but clofe when theeleflric is removed;
the other i$ called the sphere of communica-

tion.
9
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tion, in this the force acquired by the balls

remains after the excited electric is removed.

Experiment xv.—Eledtrify the pith balls that

are fufpended from the brafs tube lig. ^7

»

then bring the end of this tube in contact. • ith

the end of the tube B, the balls gi which are

un-eledtrified ; the hock of eledricity given to

the tube A will be equally divided between each

pair of balls, thofe of the tube B will open, and

thofe of A will clofe a little.

Experiment xvi.—Eledtrify the tubes A and

B, fig. 27, equally and with the fame power, put

the ends of the tubes together, and the diver-

gence of the balls will not be altered.

Experiment xvii.—Eledtrify the tubes

equally, but with the different powers, one

with glafs, the other with wax, bring the ends

of the tubes in contadt, and the balls will dole.

We learn from thefe experiments, that the

pofitive and negative powers counteradt each

other; whence, if both are applied at the fame

time to anybody, the eledlricity it acquires will

be only the difference ot the two, and confer

quently that of the ftrongeff.

Experiment
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Experiment xviii.

—

Hold an excited glafs

tube to one of the brafs tubes, touching this

tube at the fame time with your finger, part of

the natural quantity of the electrical fluid rdident

in it will be forced by the excited glafs tube into

the finger
; remove at the fame inftant the finger

and glafs, and the balls will remain negatively

electrified.

Experiment xix.'

—

Place the brafs tubes, A
and B. fig. 22, in a ftrait line with their ends in

contaCt, hold the excited glafs over the tube A,

part of the eleftric fluid naturally refident in this

will be driven into B ; feparate the tubes, the

balls ofA will be negative, and thofe of B will

be in apofitive ftate ; bring them together again,

and the balls will clofe.

The tube A was in the foregoing experiment

eleCtrified with the negative power, B with the

pofitive ; but when they were brought together

the equilibrium was reftored ; evincing that no

addition of ele&ric matter was communicated

to them ; but that the natural powers of elec-

tricity refident in the tubes were feparated by

the atmofphere of the excited eleCtric
; and

proving the co-existence of the two powers in

every fubftance. For the eleCtric fluid, accord-

ing to Mr. Eeles, confifls of two elaflic me-

II diums,
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diums, which equally and ftrongly attract each

other, and are attracted by all other matter.

Therefore when any body is immerged in an elec-

tric atmofphere, this atmofphere repels the power

which is of the fame kind in the body, and

equally attrads that which is of a different kind

in the fame body ;
and while thefe bodies remain

immerged in this atmofphere, the powers remain

feparated, different atmofpheres exifting and

ading at each end. But when the electnc is

removed, the two powers inftantly join, and be-

coming equal do not exert any fenfible adion.

Experiment xx.—Infulate a long metallic

rod, fufpend a pair of pith balls from each end

of it, place one of the ends at about two inches

from the prime condudor, the other end as far

from it as poffible, eledrify the condudor, and

the eledric fluid in the rod will be driven to that

end which is furtheft from the condudor ;
fo that

one end will be eledrified negatively, the otnei

end pofitively, as will be feen by the balls.

Experiment xxi.—Apply a flick of excited

wax to the tube D, fig. 23, as at A, while it

remains there the balls 1 open with negative

eledric ity ; raife the wax, as at B, and the balls
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will clofe ; raife it ftill higher to C, and they

will open w ith pofitive electricity.

Experiment xxii.—Excited glafs held over

the middle of the tube A, fig. 24, forces fome
part of the natural quantity of eleCtricity of A
into the balls, and fome part out at the two ends
into the air. During this experiment, the balls

ofA are repelled by glafs, and are therefore in

a pofitive date
; but, after the excited glafs is

removed, they in a very little time change to
a negative ftate, becaufe part of the natural

quantity had efcaped from the pointed ends into
the air, while the glafs was held over the tube;
but, when the glafs is removed, the over-charge
in the balls will of courfe return, and diffufe jtfelf

equally in the tube, but as this is not fufficient

to ballance the lofs fufrained, the tube, thread,
and balls muff be in a negative ftate.*

Experiment xxiii.—Place three tubes, A,
E, C, fig. 25, in a line near to, or in contaft
with, each other; excited glafs held over A
forces out part of the natuial quantity of fluid

'

contained in A into B and C ; feparate A from
B and C, A will be electrified negatively, B and

*

C will be in a pofitive ftate. Put the three tubes

BI 2 into
* Wilfon’s Short View of Ele&ricitv, p. 7.
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into their former fituation, the equilibrium will

be reftorcd, and the balls will collapfe.*

Experiment xxiv.—Place four tubes, as A,

BCD lie 26. in contadt with each other;

excited glafs held over A forces part of the fluid

contained in it into B, the quantity received in

B will force out a certain portion from C into D ;

the moment before the excited glafs is removed

from A, feparate B and D from A and C, after

which it will be found, that A and C are in a

negative, and Band D in a pofitive fiate.*

Experiment xxv.—Excited glafs held at

about one inch diftance from the end B, of a

folid cylinder of glafs B, D, fig. 28, Plate III.

which is fix feet long, and about half an inch

diameter, will force part of the fluid at the end

B towards the remote end D ;
but, in doing this,

the natural quantity belonging to the glafs will

undergo feveral alterations, which are difcovered

by the effect an excited glafs tube has on a num-

ber of pith balls, which are fufpended at equal

diftances from each other between B and D ; in

a little fpace of time the electricity of thefe is

changed, thofe that were pofitive will become

negative,

* Ibid. p. 8.
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negative, and thofe that were negative will be-

come pofitive.

If the excited glafs is held in contact with the

end B, the additional quantity received at B will,

in going towards D, caufe feveral alterations in

the denfity of the fluid in B D, hut thefe altera-

tions will be converfe to the former, and after a
little time will alfo be reverfed.

It may be inferred from thefe experiments,

that whenever the cleCtric fluid in any body be-
comes fuddenly more denfe in any one part, the
fluid in the neighbouring parts will be more rare,

and vice verfa. Thefe alternate changes of
rarity and denfity mull, from the nature of an
elaflic fluid, continue to ofcillate many times
backwards and forwards before the fluid can be
at reft ; though, when thefe motions are weaken-
ed to a certain degree, they are imperceptible to

the obferver.*

Moft of the preceding experiments may be
made with cylinders of wood or glafs inftead of
brafs. When glafs is ufed it muft be kept dry
and not diflurbed by friction.

It is not improbable that the attractive and
repul five motions of electrified bodies are ow-
mg to the alternate condenfation and dilatation of
the eleCtric fluid on the furface of thefe bodies.

# Ibid, p. 18.

as
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as they are naturally carried where they meet

with the lead refi fiance.

That there is a vibratory motion, or druggie,

between the eledtric fluid, when in adtion, and

the air, is evident from that fenfation which is

felt when a drongly excited eledtric is brought

near any part of the human body ;
and is fuch

as would be occadoned by a fpider’s web drawn

lightly along the fkin. This circumftance is

rendered more clear by an experiment made by

Dr. Priedley, in order to difeover whether elec-

tricity was concerned in the freezing of water.

Experiment xxvi.—He placed two diflies

with water in the open air in the time of a

fcverc frofl, one of them he kept drongly elec-

trified, and could obferve no difference in the

time when it began to freeze, or in the thicknefs

of the ice when it had been frozen fome time

;

but he obferved, on each fide of the eledtrified

wire, the fame dancing vapour which is feen

near the furface of the earth in a hot day, or at

any time near a body drongly heated.

Experiments
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Experiments on tiie Attraction and Re-

pulsion of excited Silk Ribbon.

Experiment xxvii.—Put a black and white

ribbon together, and draw them through the

fingers ; by this operation the white ribbon will

be electrified pofitively, the black negatively,

and will confequently attract each other.
*

Experiment xxviii.—Lay either of the

ribbons upon a quire of paper, and draw over it

amber, fealing-wax, or any other negative elec-

tric, the ribbons will be excited pofitively.

If politive electrics are drawn over the rib-

bons, they will be excited negatively.

Experiment xxix.—A piece of flannel and
a black ribbon will excite as well together as a

black and white ribbon.

Experiment xxx.

—

Dry two white filk rib-

bons at the fire, extend them on any fmooth
plane, draw the edge of a fharp ivory rule over

them
; while they continue on the plane they do

not feem to have acquired any electricity, yet

when taken up feparately, they are obferved to
be negatively electrified, and repel each other.

When
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When they are feparated from each other,

eledtric fparks are perceived between them, but

when they are again put on the plane, no light

is perceived without a fecond fridtion.

Experiment xxxr.—Place the ribbons on a

rough conducting fubfiance, rub them as before,

and they will, on their feparation, Ihew contrary

cledtricities, which will alfo difappear when they

are joined together.

If the ribbons are made to repel each other

and then joined together, and placed on the

fore-mentioned rough lubftance, they will in a

few minutes be mutually attracted ; the upper-

moll being pofitively, the undermoft negatively,

electrified.

When two white ribbons receive their fric-

tion on a rough furface, they always acquire

contrary eledlricities ;
the upper one is ne-

gatively, the lower one pofitively, eledtrified.

Experiment xxxii.—When two ribbons are

made to repel each other, draw the point of a

needle lengthways down one of them, and they

will rufh together.

Experiment xxxiii.—Bring an electrified

ribbon near a fmall infulated metallic plate, it

will2
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Will be attracted but feebly ; bring a finger near

the plate, a fpark will be obferved between them,

though both together {hew no figns of electricity
;

on the feparation of the ribbon they again appear

to be electrified, and a fpark is perceived between

the plate and the finger.

Experiment xxxiv.—Lay a number of rib-

bons of the fame colour upon a fmooth conducting

fubftance, draw the ivory rule over them, take

them up fingly, and each will give a fpark at the

place where it is feparated from the other
; the

• laIt will do the fame with the conductor
; they

are all negatively electrified. Take them from
the plate together, they will all cohere in one
mafs, which is negatively eledtrified on both
fides.

Experiment xxxv.—Let them be placed on
a rough conducting fubllance, and then be
feparated fingly, beginning with the lowermoft,

fparks appear as before-, but all the ribbons will

be eleCtrified pofitively except the uppermoft.
If they receive the friCtion upon the rough con-
ductor, and are a-1 taken up at once, all the

intermediate ribbons acquire the eleClricity of the

higheft or lowclt, according as the feparation is

begun with the higheft or the lowed.

I The
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The following very curious obfervations and

experiments were made by Mr. Symmer. He

had been accuhomed to wear two pair of hlk

{lockings, a black and a white, when thefe were

pulled off both together no figns of electricity

appeared \
but, on pulling oh the black ones

from the white, he heard a fnapping or cracking

noife, and in the dark perceived fparks between

them. To produce this and the following ap-

pearances in great perfection, it was only necef-

fary to draw his hand feveral times backward

and forward over his leg with the {lockings upon

it.

When the {lockings were feparated and held

at a diftance from each other, both of them

appeared to be highly excited ; the white hock-

ing pofitively, the black negatively. While they

were kept at a dihance from each other, bothol

them appeared inflated to fuch a degree that they

exhibited the intire fhape of the leg. When two

black or two white {lockings are held in one

hand, they repel one another with conliderabie

force. When a white and a black hocking are

prefented to each other, they are mutually attrac-

ted, and rulh together, if permitted, with great

violence. As they approach the inflation gra-

dually fubfides, and their attraction of foreign

objeCls dimini hies, but their attraction of one

another
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another increafes ;
when they actually meet, they

become flat and joined clofe together, like fo

many folds of filk ; when feparated again, their

eleeflric virtue does not feem to be in the lead

impaired for having once met. The fame ap-

pearances will be exhibited by them for a con-

fiderable time.

When the dockings were differed to meet,

they duck together with confiderable force ; at

firfl Mr. Symmer found they required from one

to twelve ounces to feparate them. Another

time they raifed 17 ounces. Getting the black

dockings new dyed, and the white ones walhed,

and whitened in the fumes of new fulphur, and

then putting them one within the other, with

the rough lides together, they required three

pounds three ounces to feparate them. 'When

the white docking was put within the black one,

fo that the outfide of the w hite was contiguous to

the infide of the black, they raifed nine pounds,

wanting a few ounces ; when the tw ?o rough

furfaces were together, they railed fifteen pounds,

one penny weight and a half.*

* The Rev. Mr. Lyons hae made many curious expe-

riments on the attraction of ribbons
; their cohcfion, &c

,

See Lyon’s Experiments and Obferrations on Electricity.

1 2 CH A P.
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CHAP. IV.

Entertaining Experiments by the Attrac-

tion and Repulsion of light Bodies, with

some Remarks on Electrical Attraction.

EW philofophical fciences afford fo much
-* entertainment as electricity : in k the ufeful

and agreeable are intimately blended; and the

philofopher, while he is inveftigating the abitrufe

parts, is entertained by the variety and beauty

of the experiments, which confirm or diiprove

the hypothecs he wifhes to eftablifh.

%

Experiment xxxvi.

—

Fix the end A of the

wire A B, fig. io, in the fmall hole which is

at the end of the prime conductor
; turn the

cylinder, and the feathers, which are connedted

with the wire by linen threads, will feparate

from each other ; the fibrous and downy parts

will become turgid, and expand in a pleafmg

manner, in a variety of directions.

Prefent a metallic point, the finger, or any

other conducting fubflance to the feathers, the

downy parts thereof will immediately collapfe,

the divergence of the feathers will ceafe, and

they
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they will approach each other, and cling round
the non-elcdric body.

l ae feathers feparate from each other, and
tend towards uneledtrified bodies, from the

chore made by the electricity which is commu-
nicated to them to diiiufe itfelf, and the refin-

ance it meets with from the air.

Experiment xxxvn.—Fix the end C of the

wire C D, fig. n, into the hole at the end of
the conductor, put the machine in action, and
the tw o i mall balls, c d, will recede from each,

other. Bring a conducting fubflance within
the fphere of their action, and they will %
towards it

; touch the conductor with a non-
electric, and they will immediately come toge-
ther.

1 nc balls do not always diverge fo much as

might be expected from the action of their at-

mofpheres, becaufe they are influenced by that
of the conductor.

x ne balls, or feathers, will feparate, &c. in
the fame manner, if they are annexed to a ne-
gative conductor.

Experiment xxxviii.—Prefent a fine thread
towards an clcftrified conductor

; when it is at a
proper diftance, it will fly towards, and flick to

the
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the conductor, and convey the elcCtric fluid from

it to the hand ;
remove the thread to a fmall

diltance from the conductor, and it will fly

backwards and forwards with great velocity, and

in a very pleating manner: prefent the fame

thread towards one that hangs from the conduc-

tor, they will attract and join each other. Bring

a non-eleCtric body, as a brafs ball, near thefe

threads, the ball will repel that held by the hand,

and attra6t that which is affixed to the conductor :

the upper thread renders the brafs ball negative,

and therefore goes towards it ;
while the under

thread, which is alfo negative, is repelled. Let

the ball be brought near to the lower part of the

under one, and it will be attracted by it. T he

junCtion of the threads arifes from the effort the

eleCtric fluid makes to diffufe itfelf through

them.

Experiment xxxix.—To the edge of the brafs

hoop b c d, fig. 1 2 ,
are faftened, at equal

diltances from each other, fix or feven pieces

of thread, about four inches long ;
a wire pro-

ceeds from the hoop, which fits into a cavity in

the pillar L); z e is a brafs wire, to one end of

which are fattened feveral fmall pieces of thread ;

fit the plain end of the wire into the hole at the

end of the conductor, place the hoop b c d at

right
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right angles to the wire z e, and directly over the

threads at the end z ; turn the cylinder, and the

threads tied to the hoop will be attraCkd by

thofe which are fattened to the wire z e, and will

point towards each other as fo many radii of a

circle. The eleCtric fluid pafles from the threads

of the wire into thofe of the hoop, and thus

occaflons the fceming attraction between them.

Place the hoop b c d on an infulating ttand,

and when it is faturated with the eleCtric matter,

the threads which are tied to it will be repelled

by thofe of the wire ; touch the hoop, and they

will be again attracted. If the hand is brought

near the threads, they will quit their central

direction, and move towards it. The ends of

the threads appear luminous in the dark.

t

Experiment xl.—Sufpend the fmall metal

plate F, fig. 13, to the conductor by the hook

H
;

place the ttand I direCUy under it, and the

large plate G on the top of the ttand
; the upper

part of the ttand I is moveable, fo that the dittance

of the two plates from each other may be oc-

cafionally varied. Lay fmall paper images, or

any other light fubttances, on the under plate,

then put the machine in aCtion, and the light

bodies will be attracted and repelled by each

plate.
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plate, and move from one plate to the othei*

with confiderable velocity.

The light bodies placed on the under plate

become poifefled of an electricity which is con-

trary to that of the upper plate, and are there-

fore attrafted by it, and acquire the fame elec-

tricity with it ; they are then repelled, and part

with this eleCtricity to the ffand, and are again

in a proper date to be attracted by the upper

plate. That tbefe bodies cannot be attracted by

the upper plate, till they have acquired a power

contrary to it, or till the equilibrium of the fluid

in them is difturbed, will be evident from the

following experiment.

Experiment xli.—Remove the under plate

and ftand, hold in it’s dead, by one corner, a

pane of glafs, which has previoufly been made

very clean and dry ; now, as glafs does not tranf-

mit eleCtricity, no contrariety in the elcCtric

dates of the conductor and the light fubflances

can be occadoned, and therefore no attraction or

repulflon is obferved.

If a finger is prefented to the under fide of

the glafs plate, the light bodies will be attracted

and repelled : the caufe of this will be feen

when the nature of the Leyden phial is ex-

6 Mr.

v
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Mr. Eeles,* fpeaking of this alternate attrac-

tion and repul lion, fays, they may be agreeably

varied, by wetting firft the head of the paper

images, and when thefe are dry, wetting the

feet.

<f When you dry the head of one of thofe

" images, the power thrown out from the con-

dudtor, cannot enter the image with the fame
iX

facility with which the contrary power from
“ the table enters at the feet, which are not lb
<( dry

; this will therefore afcend to the upper
“ plate and remain there. Reverfe the experi-
" ment ; dry the feet and wet the head, and
" the images will fix themfelves to the lower
<f plate. If the image retains fo much more of
ct the attracted power as will ballance againfl
<f

it s weight, than there is of the contrary power
*' which proceeds from the conductor, the image

will be fufpended between the two plates.

“ This may be effected by making the head
" of the image broad and round, which does not
“ admit the power coming out fo readily as the
*'

feet, being fharp, admit the power going in ;

<f a minute alteration will make the images

dance, or remain fixed to one of the plates.

•

K Experiment

* Philofophical Eflaya. Preface, page 25.
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Experiment xlii.—Place a fquare piece oi

leaf brafs or filver on the under plate, hold this

parallel to the upper one, at about five or fix

inches from it, turn the machine, and the leaf

will then rife up into a vertical fituation, and

remain between the two plates, without touching

either of them. Prefent a metal point towards

the leaf, and it will immediately fall down.

Experiment xliii.—Place a brafs ball at K,

fig- 14, at the end of the conduBor, and when

the leaf of brafs is fufpended between the plate

and ball, move the plate round the ball, and

the leaf will alfo move round, without touching

either ball or plate.

A glafs cylinder is occafionally placed between

the two metal plates F G, fig. 13, to prevent

bran, fand, or other light fubftances, being

thrown off.

Experiment xliv.—Place two wires direcflly.

.
under, and parallel to, each other, fufpend one

from the conductor, let the other communicate

with the table ; a light image placed between

thefe, will, when the conductor is elecuified^

appear like a kind ofeleffrical rope dancer. Sec

jig. 15.

Experiment
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Experiment xlv.—Cut a piece of leaf brafs,

with an obtufe angle at one end, and a very-

acute one at the other, prefent the large end

towards an elc&rified conductor, and when the

leafbrafs is within it’s atmofphere, let it go ; it

will then fix itfelf to the condu&or by the apex

of it’s obtufe angle, and, from ir’s continual

wavering motion, will appear to be animated.

The next experiment requires confiderable

attention to make it fucceed ; as a fmall differ-

ence in the apparatus, or in the force of the

machine, &c. will make it fail : when it anfwers,

it generally affords pleafureto, and excites admi-

ration in, the fpedators.

Experiment xlvi.

—

Fix the ring NOP, fig.

1 6, to the end of the conductor
;

place the plate

G, fig. 13, on it’s fland I under it, and at a

little difiance from at, put a very light hollow

glafs ball upon the plate, but within the ring ;

turn the cylinder, and the little ball will defcribe

an orbit about the ring, and turn at the fame

time about it's own axis : the poles of it’s rotation

are nearly at right angles to the plane of it’s

orbit.

Experiment xlvii.

—

Fig. 17 reprefents a

fmall let of bells, the two exterior ones are con-

K 2 nefled
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nedted to the wire V Y, by a brafs chain, the

middle bell and the clappers are fufpended

on flit.

Hang the bells on the conductor by the hook

R S, let the chain from the middle bell touch

the table, turn the cylinder, and the clappers

will fly continually from bell to bell, as long as

the electricity continues.

The brafs chain, wflich connedts the two

exterior bells to the conductor, conveys the

eledtric fluid to them, which attracts the clap-

pers ;
thefe, when they have received the eledtric

fluid, are repelled by the exterior bell, and at-

tracted by the middle one, on which they depofit

their electricity; they are then again attracted

and repelled by the outer bells. Hold up, by a

filk thread, the chain X, which proceeds from

the middle bell, and the ringing will ceafe,

becaufe it cannot convey the electric fluid com-

municated by the clappers to the ground.

Fig. 1 8 reprefents a more elegant form of

mounting the bells. When this is ufcd, the

knob a fhould communicate with the con-

ductor.

Fig. 19 reprefents another kind. In this the

clapper is fufpended from the fly b c d, the axis

of the fly refts in a fmall hole on the top of the

glafs pillar e f, the upper part of the axis moves

freely
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freeely in, and is fupported by, a hole in the brafs
piece g. Bells of different tones are placed round
rhe board h I K. Remove the prime conductor,
and place this apparatus in it’s Bead near the
cylinder; when this is in a&ion, it will caufe
the fly to turn round, the clapper will ftrikeeach
bell in rotation, and thus produce a pleating and
harmonious found.

Experiment XLvnr.—Take ten or twelve
pieces of thread, each about ten inches long, tie

them together at the top and the bottom, as in
fig. 20, then fufpend them from the conductor;
the threads, when electrified, endeavour to
recede from each other, and the knot at the bot-
tom riling upwards as the repulfion ofthe thread
increafes, will form them into a fpheroidai
figure.

Experiment xlix.—Bring a downy feather
or lock of cotton near the end of an excited tube,
or the knob of a charged Leyden phial, the
feather will at firft fly towards the tube, but
when it is faturated with the eledric matter, it

will recede from it, and may be driven about
the room by the excited tube, till it touches fome
non-condudor, to which it can impart it’s

electricity. The fame fide of the feather is always

turned
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turned towards the tube ;
becaufe the electricity

acquired by the feather is forced, by the action

of the tube, to that fide which is fartheft from

it, which is therefore repelled.

It is eafy to perceive, fiom this and the

foregoing experiments, that it is not the mere

matter which is attracted, but that the different

phenomena are occafioned by the hate of the

eleCtric fluid, in thofe fubftances which are

influenced by the machine.

Experiment l.—Put a pointed wire into one

of the holes which are at the end of the conduc-

tor, hold a glafs tumbler over the point, then

cleCtrify the conductor, and turn the tumbler

round, that the whole interior furface may re-

ceive the fluid from the point
;
place a few pith

balls on the table, and cover them with this glafs

tumbler, the balls will immediately begin to

leap up and down as if they were animated, and

will continue to move for a long time. See

fig. 21.

This experiment may be agreeably varied with

two tumblers. EleCtrify the infide of one posi-

tively, of the other negatively ;
put the balls in

one tumbler, and then bring the mouths of both

in contaCt, the balls will pafs from one to the

other,

5



other, till the contrariety between them is

deftroyed

.

An eledtric fubfiance contained between pa-

rallel fui-faces, however difpofed, is called an
electric plate.

Experiment li.—EleQrified fubflances will

attrad thofe which are not eledtrified, although
a thin eledtric plate be interpofed between them.

Experiment lii.

—

Bodies electrified with
contrary powers, attrad each other ftrongly, al-

though an electric plate is interpofed between

them : and indeed all thofe phenomena, which
depend on the influence of the eledtric atmo-
fpheres, may be produced, although an eledtric is

interpofed between the body and excited elec-

tric.

1 o account for any of the phenomena of
eledtric attradtion and repulfion, is very difficult,

but more fo to fliew why bodies, which are elec-

trified with the fame power, repel each other,

particularly thofe which are negatively eledtrified.

Philofophers have invented various folutions of

this difficulty
; the following is efleemed the

beft.

To underhand why bodies, poflefled ofthe

fame
Cavallo s complete Treatifcof Ele&ricity, p, tio.
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fame electricity, repel each other, the reader

mult be reminded of the following principle, viz.

that the electric fluid, proper to a body, can be

neither augmented or diminifhed on the furface

ofthat body, except the faid furface is contiguous

to an electric, which can acquire a contrary

electricity at a little diflance ; from whence it

follows, that no electricity can be difplayed on

the facing furfaces of two bodies, which are

fufficiently near each other, and both poffefledof

the fame electricity, becaufe the air that lies

between them has no liberty of acquiring a con-

trary electricity. This being premifed, the

explanation of electric repulfion becomes eafy.

Suppofe, for inftance, that two fmall bodies are

freely fufpended by infulated threads, fo that,

when they are not electrified, they hang con-

tiguous to each other now fuppole thefe bodies

to be elearified pofitively or negatively, and they

mu ft repel each other ; for cither the increafed

or diminifhed quantity of the electric fluid in

ihefe bodies, will endeavour to diffufe itfelf

equally over every part of the furfaces of thefe

bodies, and this endeavour will caufe the bodies

to recede from each other, fo that a quantity of

air may be interpofed between their furfaces

fufficient to acquire a contrary ekaricity, at a

little diftance from the laid furfaces ; otherwife.
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if the bodies poflefled of the fame electricity do
not repel each other, fo that a fufiicient quantity

of air may be interpofed between their furfaces,

the increafed quantity of electric fluid, when the

bodies are electrified pofitively, or the remnant of
it, when they are electrified negatively, cannot
be diflufed equally over the furfaces of thefe

bodies
; for no elcaricity can appear upon the

fui faces of bodies in contact, or that are very
near each other: but the electric fluid, by at-

ti acting the particles of matter, endeavours to

diffufe itfelf equally over the furfaces of thefe
bodies, and the bodies are by this endeavour
forced to repel each other.”

flhe difficulty is not, however, folved
by this theory, which only explains one faCt by
another, which requires as much explanation
as the firft : but overlooking this, it is flill infuf-
ficient

; for granting that bodies negatively
elearified, ought to repel each other, till the
eledricity is equally diffuied over their furfaces,

yet when this is accompliflied, the repulfion
ought to ceafe. Further, there is no reafon for
fuppoflng the electrification to take place while
the bodies are in contact, or nearly fo. One
may be elearified negatively in one corner of a
room, and another in the other. The electrifi-

L
* Encyclopaedia Britannica, p, 2683,

cation
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cation may alto be continued for any length ot

time we plcafe. So that the electric matter mult

have diffufed itfelf equally over the furfaces of

both. Yet, if we attempt to bring thefe bodies

together, they will repel each other, which

ought not to be the cafe on the preceding flip-

ped t ion.”

« * pofitive electricity has been fuppofed by

another to conflft of a vibratory motion in the

air and electric fluid, in which the force of the

vibration is directed outwards from the eleftric

body : that in negative electricity there is alio

a vibratory motion, but the force is directed

inwards. Now let us fuppofe a body pofltively

electrified, fufpended by a fmall thread, at a

diflance from any other, the vibratory motion

being kept up by an equal preflure on all Tides,

the body is neither moved to one fide nor ano-

ther ;
but when a negatively eleLtiilied body is

brought near, the force of the vibration being

directed outwards in the one, and inwards in

the other, the prelTure of the fluid in the inter-

mediate fpace between them is greatly lelfened,

and confequently the preffure on the other fide

drives them both together, and they are faid to

attract each other. If a body electrified pofltively

is brought near the firft, the force oi the vibra-

tions

* Ibid. p. 2699.
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tions arc direCtly oppofed to each other, and

therefore the bodies recede from each other.

The cafe is the fame with two bodies negatively

electrified ; for here the vibration being dire&ed

towards both bodies, as towards two centers,

mud caufe them to recede from each other, be-

caufe if they remained in contact, the vibratory

motions would interfere with each other.

“ When a fmall body is brought within the

fphere of another’s electricity, the equable pref-

lure of that vibratory or eleCtrical fphere is

fomewhat leffened upon the fide near which the

body is brought, and it is therefore impelled

towards the firfl: by the aCbion of the furrounding

fluid, in order to keep up the equilibrium. As
foon as it arrives there, the vibrations of the fluid

around the firfl body being communicated to

that within the pores of the fecond, it acquires a

fphere of electricity as well as the firfl:, and is

confequently repelled : the repulfion continues

till the vibration ceafes, either by the aCtion of

the air, or by the body coming in contact with

another larger than itfelf, in which cafe it’s

eleCtricity is laid to be difeharged. If, after this

difeharge, the fecond body is fl ill within the

fphere of the firft, it will be immediately ar-

ti acted, and very foon after repelled, and fo on

L 2 alternately
0 9
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alternately, till the electricity of the former

totally ceafes.”

From feveral experiments of Beccaria’s, it

appears, that, if the air is thoroughly exhaufted

from a glafs receiver, the attraction and repulfion

of electrified light bodies within the receiver

grows languid, and foon ceafes altogether. This

is confirmed by an experiment of Mr. Caval-

lo’s. A pith ball electrometer was fufpended

within a receiver of an air pump, by it’s brafs

cap ;
this was then electrified ; the balls diverged

a little when the air wras only rarified too times ;

when it was rarified 300 times, the repulfion was

fcarce difcernable : when the rarifaction was

greater, they did not diverge at all ;
and that,

whether a fmall or large quantity of electricity

was communicated to the cap.*

* Phil. Tranf. vol. 73, p. 452.

C H A P.
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CHAP. V.

Of the Electric Spark.

Experiment liii.

F I X the wire and ball B to the end of the

conductor, as at A, fig. 29, turn the cy-

linder, and then bring the knuckle, or another

metal ball, as C, towards B ; if the machine is

powerful, a long, crooked, brilliant, ele&ric

fpark, with the appearance of fire, attended with

a fnapping noife, will pafs between the two balls,

or between the knuckle and ball.

The experiments in the foregoing chapter

{hew, that thofe fubftances, which are brought

within the influence of electrified bodies, will

become poflefled of a contrary electricity, and

are confequently in a proper fiate to receive a

fpark from any body that is charged with eleCtric

matter ;
and when brought near enough, they

will receive the fluid in one explofion. If the

conductor is negative, it receives the fluid from

the approaching body. The fpark does not ex-

plode at the greateft diflance on a given body,

until it has firft been made to ftrike at fome

, fmaller
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fmaller diftance, which, as it were, entices the

dil'charge gradually forwards.

The longeft and moft denfe fparks proceed

from that end of the conductor which is fartheft

from the cylinder, though long curvilinear

fparks may alfo be taken near the infulating pillar

which fupports the conductor.

The fpark, or quantity of electricity dif-

charged, is nearly in proportion to the lize of

the conductor ; fo that larger and longer fparks

are obtained from a conductor w hich has a con-

fiderable furface, than from a fmall one. This

has been extended fo far, that the force of the

fpark from a conductor, has been equal to a

fhock from a good fized phial.

The found is occafioned by the momentary

agitation into which the air is throwm by the

electric fluid.

If the electric fpark is received on any part of

the body, it occafions a fenfation fomething re-

fembling a fmart blow, which is more or lefs

painful, in proportion to the tendernefs of the

part, or the ffrength and vveaknefs of the fpark.

When the quantity of electricity is fmall, and

incapable offtriking at any confiderable dilfance,

the fpark appears trait ;
but when it is llrong,

and capable offtriking at a greater di (lance, it

aflumes a crooked or ziz-zag direction; and

this.
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this, probably, becaufe the more fluid electric

matter has to pafs with great rapidity through

the denfer and lefs fluid atmofpherc, which re-

ciprocally adl upon each other.

It will be feen, by a great variety of experi-

ments, that the eledlric fluid is diflipated, unlefs

it is refilled by the preflu re of the atmofphere,

which keeps the lire together in a body, and by

concentrating, it increafes it’s fplendor. The
fpark which explodes in the air is vivid, like

lightning; but if the fame is tried in an ex-

haufled receiver, inltead of a fpark and explo-

fion, we have only a fllent, faint, diluted flream.

Beccaria fays, that the air refills the eledlric

fpark in proportion to it’s denfity, and the thick-

nefs of the flratum it oppofes to the fpark, or

the length ol the paflage they open for them-
felves through it’s fubllance. He alfo fhews,

by a variety of experiments, that the air is driven

in every direction by the eledlric fluid, with a

force, the adlion of which does not immediately

fubflde. It will appear from this, as well as

many other confiderations, that the exceeding

great velocity and llrength of the eledlric fluid,

are not owing to a repullive power among it’s

particles, but to the mutual adlion of the air and
eledlric fluid upon themfelves and one another;

and that it’s momentum is produced by the in-

cumbent
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cumbent prefTure of the atmofphere on the elec-

tric fluid, and the preflure of one part of this

matter upon another. This latter preflure mufl

be very great, if the particles of the electric fluid

are in contaft, or aT immediately one on the

other throughout the wide immeniity of fpace.

The eleftric fpark appears of a different co-

lour, according to it’s denfity : when it is rare,

it appears of a blueifh colour ; when more denfe,

it is purple ; when highly condenfed, it is clear

and white, like the light of the fun.

The middle part of an electric fpark often ap-

pears diluted, and of a red or violet colour ; the

ends are more vivid and white, probably be-

caufe the fluid meets with the greateft refiftance

at it’s entrance and exit.

The fpark is fometimes divided into many

parts, as in fig. 30. The rays of the pencil

concentrate where they ftrike the ball, and form

upon it many denfe and fhining fparks.

Experiment liv.—Place an ivory ball on the

conductor, take a ffrong fpark, (or pafs the

charge of a Leyden bottle through the center of

it) the ball will appear perfeftly luminous. If

the charge is not taken through the center, it

will pafs over and corrode the furface of the

ball.

Experiment
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Experiment lv.—Take a fpark through a
ball of box-wood, and it will appear of a beau-
tiful crimfon, or rather a fine fcarlet colour

; or
the fhock may be palled through pieces of wood
of different thickneffes and denfity, which will

afford a very ample field for obfervation and ex-
periment.

The two forgoing experiments are fo anala-
gous to the famous experiment of Mr. Hawkf-
bee, and fome others which have been made
fince his time, that I have fubjoined them, and
hope they will lead to a further invefiigation of
this curious fubject.

Experiment cvr.—Mr. Hawklbee lined more
than half the infide of a glafs globe with fealing-
wax, heexhaufted the globe, and put it in mo-
tion, when, on applying his hand to excite it,

he faw the lliapc and figure of it as diftinSly on
the concave fuperficies of the wax within, as if
only pure glafs had intervened between his eye
and his hand. The lining of wax, where it was
thinned, would but juft allow the light of a can-
dle to be feen through it in the dark. In fome
parts the wax was at leaft an eighth part of an
mch thick

; yet, even in thofe places, the lliapc
and figure of his hand were as diftinguilhable as"
any where elfe.

M Bcccaria
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Beecaria difeharged an electric ftiock through

fome brafs dud, fprinkled between two plates of

fealing-wax; the whole was rendered perledly

luminous and tranfparent.

Experiment lvii.
—

'This extraordinary ex-

periment was made by Dr. PriefUey, and is

thus deferibed by him. I laid a, chain, which

was in contad with the outfide of a jar, lightly

on my finger, and fometimes kept it at a fmall

didance by means of a thin piece of glafs. It I

made the difeharge at the didance of about three

inches, the eledric fire was vifible on the furface

of the finger, giving tt a fudden concuffion,

which feemed to make it vibrate to the very

bone ;
and when it happened to pafs on that ude

of the finger which was oppofite to the eye, the

whole feemed, in the dark, perfedly tranfpaient.

Experiment lviii.—Conned one end of a

chain with the outfide of a charged jar, let the

other end lie on the table, place the end of ano-

ther piece of chain at about one quarter of an

inch didance from the former, then fet a de-

canter of water on thefe feparated ends, and, on

making the difeharge through the chain, the

water will appear perfedly and beautifully lu-

minous. This experiment was communicated

2
to
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to me by Mr. Haas, the inventor of an improved

air-pump.

Do not thefe experiments indicate, that there

is a fubtle medium both in eleCtric and non-

electric bodies, that renders them tranfparent,

when it is put in motion?

Experiment lix.—The fparks taken over a

piece of filver leather, appear of a green colour.

Experiment lx.

—

E F, fig. 31, is a glafs

tube, round which, at fmall, but equal diftances

from each other, pieces of tin-foil are patted in

a fpiral form, (hence it is called the fpiral tube)

from end to end; this tube is inclofed in a larger

one, fitted with brafs caps at each end, which
are connected with the tin-foil of the inner tube.

Hold one end in the hand, and apply the other

near enough to the prime conductor to take

fparks from it, a beautiful and lucid fpot will

then be feen at each feparatior. of the tin-foil

;

thefe multiply, as it were, the fpark taken from
the conductor ; for if there was no break in the

tin-foil, the eleCtric fire would pafs off unper-

ceived.

Experiment lxi.—The luminous word. This
experiment is exaCtly on the fame principles as

M 2 the
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the foregoing. The word is formed by the fmall

reparations made in the tin-foil, which is parted

on a piece of glafs, that is fixed in a frame of

baked wood, as is reprefented in fig. 32. To

make the experiment, hold the frame in the

hand, and prefent the ball G to the conductor,

the fpark received on this will be communicated

to the tin-foil, and follow it in all it’s windings,

till it arrives at the hook h, and is conveyed

from thence to the ground by a chain : the lucid

appearance at each break exhibits a word in

characters of fire.

Experiment lxii.—To take the eleCtric fpark

with a metal point, ferew a pointed brafs wire

into one end of a fpiral tube, and prefent it to

the conductor while the machine is in aCtion,

when a rtrong fpark will pafs between the con-

ductor and the point.

Experiment lxiii.—Take a clean dry glafs

tube, of about a quarter of an inch bore, infert

a pointed wire in this tube, keep the pointed

end at fome diflance from the end ol the tube,

let the other end be connected with the ground,

bring the former towards the prime conduced,

and firong zig-zag fparks, attended with a pe-

culiar noife, will pafs between the conductor

and the point.

The
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The reparation between the pieces of tin-foil,

in experiment 62, forms a refinance which hin-

ders the immediate reception of the eledfric fluid,

and thus, in fome meafure, prevents the com-
mon action of the point on the conductor; or,

the power of a point to prevent an cxplofion,

depends on it’s having a perfect uninterrupted

metallic communication with the earth : though

this is not always fufficient, as may be feen by
exper. 63, where the fluid is concentrated and
collected by the non-condudting fubflance which
furrounds the point : a cafe flmilar, in many
refpeds, to the condu&ors which are erefted '

for the prefervation of buildings.

Experiment lxiv.—Let any perfon fland on
the infulating (tool, and conned: himfelf by wire

or chain with the prime conductor, he will then

exhibit the fame appearances which are obtained

from the condudor, and will attrad: light bodies,

give the fpark, Szc. and thus afford a pleafing

mode of diverflfying every experiment. It is

abfolutely neceffary, to the complete fuccefs of
this experiment, that no part of the deaths
touch the floor, table, &c. and that the glafs

feet be carefully dried: a fhect of dry brown
paper placed under the flool, will be found of
confiderable fervice, by rendering the infulation

more complete.

If
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If the infulated perfon lays his hand on the

cloaths of one that is not fo, efpecially if they

are woollen, they will both feel as it were many

pins pricking them, as long as the cylinder is

in motion.

Experiment lxv.

—

To fire fpirits of wine

with the electric fpark, heat the ladle I, fig.

33, then pour a fmall quantity of fpirits of wine

into it, and fix it by it’s handle to the end of the

prime conductor; or fire the fpirits, and blow

them out a few minutes before the experiment

is made ; take a fpark through the middle of the

ladle with a brafs ball, and the fpirits will be

fired by it.

Or let a perfon, (landing on an infulating

flool, and connected with the prime condu&or,

hold the ladle with the fpirits in his hand, and

let a perfon on the floor take a fpark through

them, and they will be fired. The experiment

anfvvers equally well, if the perfon on the floor

holds the ladle, and the infulated perfon takes

the fpark.
,

Experiment lxvi.—The foregoing experi-

ment may be agreeably diverfified in the fol-

lowing manner. Let one eleeflrifled perfon, Hand-

ing on an infulated flool, hold the fpirits. Let

another
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another perfon, {landing alfo on an infulated

flool, hold in his hand an iron poker, one end
of which is made red hot, he may then apply
the hot end to the fpints, and even immcrge it

in them without firing them. But if he put
one foot on the floor, he may fet the fpirits on
fire with either end.

Experiment lxvil—The fpirits cannot be
kindled by the infulated perfon, becaufe, as the
ele&ric cannot cfcape through him to the earth,
be is incapable of drawing a fpark fufficiently

ilrong to inflame them, and hot iron will feldom
or never fet fpirits on fire.

If oil of turpentine is fet on fire in a veflel

which is placed on the conductor, and the finokc
is received on a plate, held by a perfon Handing
on an infulated fiool, he will be elcarified there-
by, and enabled to fire fpirits of wine, &c. If
the infulated perfon holds a brafs wire at the
top of the flame of burning fpirits of wine, which
is connected with the conduQor, he will alfo be-
come electrified. Hence we find, that either
fmoke or flame conduits the electrical fluid.

Mr. Volta has fucceedcd in obtaining un-
doubted figns of electricity from the Ample eva-
poration of water, and from various chemical
cffervefcenccs.

Experiment
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Experiment lxviii.—Infulate a fmall cruci-

ble, containing three or four lighted coals,

throw a fpoonful of water on the coals, and in

a Ihort fpace of time, an electrometer, which

communicates with the coals by means of a wire,

will diverge with negative electricity.

From hence it would feem, that the vapour

of water, and, in general, thofe parts of a body

that are feparated by volatilization, carry away

an additional quantity of eleCtric fluid, as well

as of elementary heat ;
and that the body, from

which thofe volatile parts have been feparated, '

remains both cooled and electrified negatively

;

and that thofe, which are refolved into a vo-

latile elaftic fluid, have their capacity for hold-

ing common fire, and the eleCtric fluid augmen-

ted.

Of Inflammable Air, and the Pistol for

Inflammable Air.

A fpecies of air, which is inflammable, is fre-

quently generated in coal mines: the air alfo

emitted by {lining the mud of fome handing

waters, has been found to be inflammable. Pu-

trefeent animal matter alfo emits this fluid. It

may be obtained by diftillation from wax, pitch,

amber, coals, and other phlogiftic fubftances.
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The following is the mod convenient method of

procuring it
:

put fome fmali nails or iron

filings into the bottle r, fig. 38 ; cover thefe

with water, then add to this a little oil of vitriol,

about one quarter of the quantity there is of

water, put the ground end of the bent tube into

the mouth of the bottle, and pafs the other end

through the water of the bafon T into the neck

of the bottle K, which is filled with water, and

inverted in the bafon ; the bottle K muft be fup-

ported during the operation : in a little time the

mixture will eftervefee, and emit a fluid which

will pafs through the bent tube, go into the

bottle K, and at 1aft fill it totally, expelling the

water; the bottle is then to be removed, and

corked as expeditioufiy as pofiible.

Fig. 39 reprefents a brafs piftol for inflam-

mable air; a b is the chamber of brafs, to the

mouth a c of which a cork is fitted, a perforated

piece of brafs g ferews on to the bottom of this

chamber, (this piece is reprefented by itfelf in

fig. 40) a glafs tube f is cemented into the per-

foration of this piece, and a brafs wire is alfo

cemented into the glafs tube ;
one end of this

wire is furnifhed with a ball, the other extremity

is bent, fo as to come within about a tenth of

an inch of the brafs piece. Fig. 41 is a brafs

cap, which ferews on the piftol, to preferve the

N glafs
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glafs tube from any accident. The air with

which the piftol is to be charged fhould be kept-

in a corked bottle : take out the cork and apply

in the fame inftant the mouth of the piftol to

the opening of the bottle, and the common and

inflammable air will mix together, becaufe the

former being heavier than the latter will naturally

defeend ; keep the piftol in this lituation about

15 feconds, then remove it, and cork both the

bottle and piftol with the utmoft expedition.

If the piftol is held too long over the—bottle,

and is intirely filled with inflammable air, it

will not explode.

Description of another Apparatus for

making Inflammable Air, and filling

the Air Pistol, &c.

This apparatus confifts of the following articles.

1. A glafs funnel.

2. A final
1
glafs tumbler.

3. A bladder tied to a flop cock.

4. A brafs pipe palling through a cork ; which

cork is made tapering, to fit the neck of a com-
mon wine bottle : the upper part of the pipe has

a male ferew, to fit the ferew on the lower end

of the ftop cock.

5. An air piftol furnifhed with a valve at

the
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the end b fig. 39 ;
the wire paffing through a

glafs tube, and to which the fpark is to be

given, is fitted into the fide of the piftol. At

the end b of the piftol is a male lerew which fits

the lower end of theftop cock.

6. A box with iron filings.

7. A fmall meafure which will hold the pro-

per quantity of iron filings.

8. A brafs tube and hollow flyer ; the lower

end of the brafs tube fits the flop cock.

Soak the bladder in water which is lukewarm,

in order to foften it ; and then render it pliable,

by blowing air into it and fqueezing it out again.

After this ferew the conical pipe with the cork

into the lower end of the flop cock, and it is

ready for life. Then take a common quart

wine bottle, and put into it a little hot water,

to warm it. Pour as much oil of vitriol into

the tumbler, as will about half fill it, and mix

this in another tumbler with about three times

the quantity of cold w ater. Throw the warm
water out of the bottle, and put a meafure of

iron filings into it, then pour the diluted vitriol

through the glafs funnel upon the iron filings.

As foon as the effervefcence begins, put the

cork with it’s pipe into the neck of the bottle,

and the inflammable air which is generated by

the mixture, will enter into and gradually fvvell

N 2 the
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the bladder. When this is full, fliut the flop

cock, and remove the bladder from the bottle.

The bladder being thus filled, fcrew the bot-

tom of the piftol upon the flop cock ; comprefs

the bladder, and introduce by this means about

as much inflammable air, as you judge will fill

one third of it’s capacity, and put the cork im-

mediately into the muzzle of the piftol. To

form a circle of fire with inflammable air, fill

the bladder as before, unfcrew the conical tube

from the flop cock, and fcrew the brafs fly in

it’s place, open the cock, and comprefs the

bladder; the air will pafs through the fly, and

fet it in motion; light the air at the end of the

pipe, and a beautiful circle of fire will be formed

by the motion of the bent tube, and the fired air

which iffues from it’s points. The piftol is fired

as in experiment 69.

If too great a quantity of inflammable air is

introduced into the piftol, it will not explode;

to remedy this, blow ftrongly into the muzzle of

the piftol, this will force out a quantity of the

inflammable air, and occafion a quantity of com-

mon air to enter the piftol, which will then

readily explode.

The bottle fhould be taken into the open air

and be well wafhed, as foon as the bladder is

filled.

Experiment
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Experiment lxix.—Bring the ball of the pif-

tol, which is charged with inflammable air, near

the prime condudlor, or the knob of a charged

bottle, the fpark which pafles between the end of

the wire f and the piece g, fig. 40, will fire the

inflammable air, and drive the cork to a con-

fiderable difiance. This air, like all other, re-

quires the prefence either of pure air, or the

nitrous acid, to enable it to burn ; but, if it is

mixed with a certain quantity of common air,

anexplofion will take place in paffing the electric

fpark through it.

Mr. Cavallo recommends a piftol made in the

following manner, to thofe who with to make

experiments on theexplofion of inflammable and

dephlogifiicated air, or with known quantities

of common and inflammable air. It confifts of

a brafs tube, about one inch in diameter and fix

inches long, to one extremity of which a per-

forated piece of wood is fecurely fitted ; a brafs

wire, about four inches long, is covered, except

it’s ends, firfi with fealing-wax, then with filk,

and afterwards with fealing-wax again. This

wire is to be cemented in the perforation of the

wooden piece, fo as to projeft about two inches

within the tube, the refi is on the outfidc ; that

part of the wire, which is within, is bent fo as to

be
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be only about one tenth of an inch from the in-

fide of the brafs tube.*

To ufe this piftol ; fill it with, and then in-

vert it into a bafon of water ; make the required

quantity of inflammable and common air in ano-

ther veflel, by putting in known and propor-

tionable meafures of each ; introduce this mix-

ture into the piflol, and then hop it with a cork,

take the pifiol out of the water, and pafs in the

ufual manner the fpark of a charged jar through

it, and the inflammable air will be fired.

The infiruments for firing the inflammable

air with the ele&ric fpark, are often made in the

fhape of a cannon.

* Cavallo on Air, p, 818/

CHAP,
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C H A P. VI.

Of Electrified Points.

Experiment lxx.

T>RESENT the pointed end of a wire towards
• a conductor which is pofitively eledlrified,

a lucid globular point or Aar will appear on the
point, and the elertric fluid will be evidently
conveyed away and diffipated from the con-
ductor.

Experiment lxxi.—Prefent a pointed wire
towards a conductor that is electrified nega-
tively

; a lucid cone or brufli will be fecn di-
verging from the point, and the quantity of fire

will be increafed.

Experiment ixxii.—

T

he lucid ftar is feen on
the collecting points of a pofitive conductor,
while a diverging cone will appear on a point
placed at the end of the conductor.

To determine the direction of the electric
fluid, has ever been an objeft of confiderablc
importance to the ele&rician; as it would
enable him to decide on the truth of thofe thco-

rics.
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ries, which have been invented to account for

it’s phenomena, and greatly aflift him in the

progrefs of future difcovery : To this end much

ifrefs has been laid on the different appearance

of the light, which is perceived on the pointed

ends ofelectrified conducting fubftances ; as thefe

have been fuppofed to elucidate fully this in-

terefting qu eft ion.

The eledtic fluid appears as a diverging ftream

darting forwards into the air, from a point elec-

trified pofitively. The luminous appearance on

a point negatively electrified, is that of a fmali

little globule or ffar.

Now, as the air is known to refill the mo-

tion of the electric fluid, the rays of it would by

this refiftance be made to diverge; therefore,

when this fluid is darting from a point into die

air, it will affume the form ot a lucid cone ci

brufh, which is agreeable to experiments 71

and 72. •

To this it has been objected, that thefe rays

may poffibly be converging from fo many points

in the air towards the point, and not diverging

from it ;
but, as there does not appear any reafon

why a vifible ray fhould break out fiom one

place in the atmofphere more than another, the

former account teems more conformable to na-

ture, and the known laws oi other fluids. I he

air

/
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air refills the motion of the eleCtric fluid equally.
Therefor e, when this fluid is coming from the
aii towards a pointed conductor, it would per-
colate (lowly and invifibly through the air, but
equally on all iides, till it comes (o near as to be
able to break through the intermediate fpace

;
but as this will be equal or nearly fo all around
the negative electricity muft appear like a fteady
luminous globule on the point,* Notwithftand-
ing the apparent probability of the above rea-
loning, it may (till be objected, that no decifive
conclufton can be drawn from thefe appearances,
as they may be varied by augmenting or dimi-
nilhing the volume of the pointed body, and bv a
variety of other circumftances.

Experiment lxxhi,—A lucid cone appears
on the collector of a negative condu&or, and a
lucid Ear on a point placed at the oppofite end
of the conductor.

Experiment lxxiv—Bring an excited giafs
tube near a point that is fixed at the end of a
pofitivcly eleftrified conductor, and the luminous
bruih will be turned out of it’s direction by the
action of the excited tube ; ifthe tube is held di-
rectly oppofite to the point, the brufh will vanitli,

O Experiment
s Encyclopedia Britannica, p. 2699.
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Experiment lxxv.—Fix the point to the end

of the negative conductor, the lucid (tar will turn

towards the excited tube.

Thefe two experiments coincide with and

confirm experiments 70, 71, 72, 73, and lead

to the fame conclufion, viz. that the brufh is

a fign of pofitivc, and the (tar an indication

of negative eledlricity, w'hich is (till further

confirmed by the following experiment.

Experiment lxxvi.—Put a wire, which has

a ball at one end, into the hole at the end of a

pofitive conduBor, place a lighted candle fo that

the middle of the flame may be even with the

middle of the ball, and about an inch from it

;

turn the machine, and place the fame wire at

the end of the negative conductor, the appear-

ance will be reverled, and the knob will foon be

heated by the flame of the candle which is carried

towards it.

Experiment lxxvii.—Fix a pointed wire

in the hole on the upper fide of the condu&or,

then place the center of the brafs crofs K, fig 34,

upon the point, the ends of which crofs are all

bent one way
;

eledlrify the conductor, and the

crofs will turn upon it’s center with great rapidity.

If

«
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If the room be darkened, a circle of light will be

formed by the cledtric fluid on the points of the

wires. The re -action of the air on the diverging

cone of eledtric matter gives the retrogade motion

to the points of the wire.

The fly turns round in the fame direftion,

whether it is eledtrified negatively or pofitively ;

though it will not move in vacuo, unlefs the fin-

ger, or fome other conductor, is applied to the

glafs receiver oppofite to one of the points, it

will then begin to move, and continue to do fo

brifkly till the glafs is charged.

Experiment lxxviii.—Electrify the two
infulated wires M N, o P, fig. 35> and the
refiftance of the air againft the eledtric flream,

from the point of the fly L, (the axis of which
rolls on the wires) will force the fly up the
declivity of the inclined plane M N, o P.

Experiment lxxix.

—

Fig. 36 reprefents a
Email crane, which will move from the fame
caufe as the foregoing, and raife a fmall weight.

Experiment lxxx.—Several flyers may be
made to turn at the fame time, fee fig. 37, and
many other pleating experiments may be con-,
trived on the fame principle

; or, the flyers may
O 2 be
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be placed one above another, diminishing gra-

dually in Size, and forming when electrified a

luminous cone ;
the circles of light will be more

brilliant, if the ends of the wires arc covered

with a thin coating of greafe, fealing-wax, or

iulphur.

I

Experiment lxxxi.

—

Immerge a metallic

point in a metal veffel nearly filled with oil of

vitriol, and placed on an electrified condudor,

fcarce any fpark will pafs to the point, although

it is held very near the bottom of the velTel. If

this is filled with eflentialoil of turpentine, a fmall

light may be feen from time to time in the body

of the fluid. If common oil is ufed, the point

will take Strong fparks, and the eledric fluid, in

endeavouring to reach it, will occafion an ebulli-

tion in the oil.

So that the eledric fpark depends in a great

meafure on the conducting power of the medium

through which it paffes.

If fmall boats or little fwans, &c. are made

of cork or light wood, they may be attraded,

and made to fwim in any diredion, by apply-

ing a finger towards them ; a fine needle fluck

into the end of the boats, in the manner of a

bowfprit, will caufe them to be repelled from

the hand held over it, and they may be fleered

2 by
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by it, (tern foremoft, to what point of the com-

pafs you pleafe. The boats might have the

addition of fails to them, and might then be

made to move brifkly before an ele&rical gale,

from the point of a wire held in the hand.

The operator in thefe tricks would certainly

be looked upon as a magician, if the electrical

machine is kept out of fight. But a more link-

ing fight, would be a number of thefe boats,

with each of them a twirling fly, about an inch

in length, fixt to the top of the malt ; the hand

held over them would fet them all in motion : in

the dark, they would appear as fo many rings of

fire, moving in various courfes, and following the

hand in any direction.

When a few young perfons have nothing elfe

to do, they might very innocently amufe them-
felves, by making a reprefentation of a kind of

fea-engagement between thefe boats. Suppofing

each of them large enough to hold a fmall coated

phial without linking, thefe phials may be

charged, fome of them pofitively on the infide,

others negatively ; they may then be placed at the

bow of the boat, with the wire ball and uncoated

part of the phial projecting over ; a fmall brafs

chain Ihould be made to touch the outward coat-

ing ofthe phial, and the other end brought over

the Hern ofthe boat, and hang fo as to touch the

water.
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water. The boats being then put into a trough

of water, and pretty highly charged, they will

foon be in motion ;
thofe that are electrified alike,

will repel each other; and thofe poffeffed of a

contrary eleCtricity, will be attracted, till the

balls of the two phials approach pretty near to-

gether ; they will then difcharge their contents

with a loud explofion, and the boats will after-

wards fheer from each other.*

When the eleCtric fluid percolates a wooden

point, the flream or cone, which iflues from it,

feems diluted, and fomething flmilar to the pur-

ple eleCtric light, which is obtained in vacuo.

The aCtion of the eleCtric fluid on the air, by an

cleCtrified point, produces a fenfible aura, or

wind, of fufficient force, as is feen above, to

put light bodies in motion, or difturb the flame

of a candle, and occafion an undulation in the

fluids : the aCtion of the fluid is fo modified by

points, as to produce an agreeable fenfation,

refembling a gentle breathing : this fenfation

may be rendered more or lefs ftimulating, by the

refiflance the fluid meets with in it’s aCtion on

our bodies, an effeCt which is productive of great
\

advantages in medical eleCtricity.

* Becket’s Effay on Electricity, p. 36.

CHAP.
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CHAP. VII.

Of the Leyden Phial.

HTHE experiments upon the Leyden phialA are Tome of the mod interefting in elec-

tricity; they excited the attention of the philo-
fopher to this fubjed more than any other expc-
liment, and are dill viewed with wonder and
furprize.

The phenomena attending this very extra—
oidinaiy experiment feemed totally inexplicable,
till they were elucidated by the ingenious theory
of Dr. Franklin

; which, in a plain and clear
manner, accounts for mod of the difficulties

which attend this intricate branch of eledricity

;

and accommodates itfelf fo eafily and fatisfadorily

to a variety of appearances, as to make us almoll
lofe fight of the objedions againfl it.

Experiment lxxxii.—Place the brafs ball of
a coated jar in contad with the prime condudor
while the outfide communicates with the table,
turn the cylinder, and the bottle will in a little’

time be charged, or modify the eledric fluid in
a peculiar manner. To difeharge the jar, or
.efloie it to its natural date, bring one end of

a con-
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a conducting fubftance in contaCt with theoutfidc

coating, and let the other be brought near the

knob of the jar which communicates with the

inlide coating, a ftrong explofion will take place,

the eledtric light will be vifible, and the report

very loud.

Experiment lxxxiii.—Charge the Leyden

bottle, then touch the outlide coating with one

hand, and the knob with the other, the bottle

will be difeharged, and a fudden peculiar fenfa-

tion will be perceived, that is called the electric

fhock. The (hock, when it is taken in this man-

ner, generally affedts the wrifts, elbows, and

bread: : when the fhock is ftrong, it refembles an

univerfal blow. This peculiar fenfation is proba-

bly owing to the two-fold and inftantaneous ac-

tion of the eledtric fluid, which enters and goes out

of the body, and the various parts through which

it pafles, at one and the fame inftant. It has been

alfo obferved, that nature has appointed a certain

modification of the eledtric fluid in all terreftrial

bodies, which we violate in our experiments

;

when this violation isfmall, the powers of nature

operate in a gentle manner to redtify the diforder

we have introduced ;
but when the deviation is

confiderable, the natural powers reftore the

original conftitution with extreme violence,

If
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If fcveral perfons join hands, and the firft

touches the outhde of a charged jar, and the laft
the knob, the bottle will be difeharged, and they
will all feel the fltock at the fame inftant

; but the
greater the number of perfons that join hands to
take a fltock, the weaker it is.

The force of the Ihock is in proportion to the
quantity of coated furfaces, the thinnefs of the
glafs, and the power of the machine

; or, the
efteft of the Leyden phial is increafed, in pro-
portion as we deftroy the equilibrium on the
furfaces.

A given quantity of eledricity, impelled
through our body with a given force, produces
a weaker fenfation, than twice that quantity
impelled with half that force, and confequently
the ftrength of the Ihock depends rather more
on the quantity of fluid, which pafles through
our body, than on the force with which it is im-
pelled. \et, the force of an explofion feems to
depend more on the degree to which the fluid is
cotnprefled, than on the quantity

; hence a fmall
phial fully charged will ad nearly as flrong as a
larger jar which is half charged.

If a charged jar is coated very high, it will
difeharge ttftlf before it has received near the
charge it would take if the coating was lower,

it is coated very low, this part of the furface

PA may

%
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may be charged very high, but a confideiable

part of the glafs is not charged at all.

When ajar is charged very high, it will often

explode or difcharge itfelf over the glafs from one

coated furface to the other ;
or, if the glafs is

thin, it will make a hole through it, and fwell

the coating on both fides, the glafs in the hole

will be pulverized, and very often a variety of

filfures will proceed from it in various directions.

A Leyden jar very often recovers it’s ele&ricity,

in a fmall degree, after a difcharge has been

made ;
this fecond explofion is called the re(i-

duum of a charge.

The form or fize ofthe glafs is no ways material

to the receiving of a charge.

To avoid receiving the ele&ric fhock, be

careful never to touch the top and bottom of the

jar at the fame time, and never to enter a circuit

formed between the infide and outiide of a jar

,

for the effect of the Leyden phial depends entirely

on the reciprocal adtion of the two furfaces, and

does not take place, when either is touched fepa-

rately. By attending to this obfervation, jars of

any fize may be handled with fafety. Indeed,

the human frame makes fo little refinance to

the free paffage of this fubtle agent, that no

other inconvenience will attend a frock from a

common-
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common-fized charged jar, than a tranfient difa^

greeable fenfation.

louch the knob of a charged jar, no fhock

will enfue ; but the finger, or part that touches

the ball of the jar, will be affected with a fliarp

fenfation, as if it had been pricked with a needle*

The difcharge is filent and without an explofion,

when the communication between the two Tides

of the jar is made by imperfect conductors.

A charged phial fet upon electric fubflances,

may be taken hold of without danger, either by
the coating or the wire ; a fmaJI fpark only will

proceed from either.

#

Dr. Franklin’s Theory of the Leyden
Bottle.

Glafs is fuppofed to contain at all times, on
it’s two furfaces, a large quantity of the electric

fluid, which is fo difpoled, that, if you increafe

the quantity on one fide, the other muff throw
off an equal proportion

; or, when one fide is

pofitive, the other muff: be negative. Now, as

no more of the electric fluid can be forced on
one fide, than can go off on the other, there is

no more in the bottle, after it is charged, than
was there before

; the quantity is neither in-

creafed or leffened on the whole, though a change

F 2 may



n6 An Essay on

may be made in it’s place and fituation ;
i. c. we

may throw an additional quantity on one of it’s

fides, if, at the fame time, an equal quantity

can efcape from the other, and not othervvife*

That this change is effeded by lining parts of

it’s two furfaces with a non-electric ; through the

mediation of which, we are enabled to convey

the eledric fire to every phyfical point of the

furface we propofe to charge, where it exerts it’s

adivity in repelling the eledric particles natu-

rally belonging to the other fide ; all of which

have an opportunity of efcaping by the lining

in contad with this furface, which, for that

purpofe, muff communicate with the earth ;

when the whole quantity belonging to this fur-

face has been dilcharged, in confequence of an

equal quantity thrown upon the other furface,

the bottle is charged as much as it can poftibly

be. The two furfaces are at this time in a (fate of

violence ;
the inner, or pofitive fide, ftrongly

difpofed to part with it’s additional fire ; and the

outer, or negative fide, equally delirous to attrad

what it has loft ; but neither of them capable of

having a change in it’s ftate effeded, without the

equal andcotemporary participation of the other.

That notwithftanding the vicinity of thefe two

furfaces, and the ftrong difpolition of the eledric

fluid contained in one of them, to communicate

it’s
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it’s fuperabundance to the other, and of that to
receive it, yet there is an impenetrable barrier
between them ; for fo impermeable is glafs to
the eledbic fluid, (though it permits one fide of
it to aa upon the other,) that it’s two furfaces
remain in this ftate of contrariety, till a commu-
nication is formed between them, ab extra, by a
proper conductor, when the equilibrium is

fuddenly and violently reftored, and the elecflric

fluid recovers it’s original ftate of equality on the
two Tides of the glafs.

The Leyden Phial considered in a dif-
ferent Point of View.

We have already fhevvn, that whenever a
quantity of the elearic fluid is brought within a
certain diftance of the furface of any body
(whether metal, wood, or glafs,) it will always
produce on that body a contrary eleftricity

; and
this more readily, and permanently, when the
body has a communication with the earth.
The equilibrium will not be reftored fo W

as the power continues of the fame force and
afting at the fame diftance

; but the nearer this
power is brought to the furface, the greater is
t c cffbdt it will produce. It has alfo been fhewn,
that the elearic fluid will communicate thefe

2
powers
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powers through glafs, nearly as well as through

air.

Now as glafs refills the palfage of the fluid

more than wood or metal, the fluid will be longer

in pafling through a given length of glafs, than

through the fame length of wood or metal.

But by means of the metallic coating on one

fide of the glafs, the eledtric fluid is placed in

the moft advantageous fituation for producing a

ftrong and uniform adtion on the contrary fide,

on which the refiftance is leflened with as great

advantages by the other metallic coating, which

is connected with the earth ;
and this contrariety

will continue till the equilibrium is reflored by

connecting the oppofite fide with a condudtor.

When an electric is excited, the two powers

are faid to be feparated : they are alfo known to

repel their own particles, and attract the con-

trary. When one fide of a jar is made politico,

may it not repel the pofitive eledtricity from the

other fide, feparating it from the negative, which

is flrongly attracted through the glafs ?

The outfide of the jar cannot then be faid to

be deprived of it’s electricity, but only has it s

fluid changed ;
and when the fluids arc feparated,

they are ever eager to conjoin again.*

Combined
0

* See Eeles’s Philofophical Effays ;
Wilfon’s Short View

of Electricity ;
and Milner’s Obfervations on Electricity.
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Combined Apparatus.

_
«

The apparatus reprefented fig. 49, will be

found exceedingly convenient for making a va-

riety of experiments on the Leyden phial. I

have endeavoured to combine the parts of it in

fuch manner, as to render the apparatus exten-

sively ufeful, without being complicated. A is

an infulated pillar of glafs, which is fcrewed to

the wooden foot B : all the different parts of the

apparatus may be fcrewed alternately on this

pillar. C is an exhaufted tube ofglafs,. furnifhed

at each end with brafs caps : at the end D is a
valve, properly fecured under the brafs plate

;

a brafs wire, with a ball, project s from the up-
per cap ; a pointed w ire proceeds from the

bottom plate ; this tube is called the luminous
condudor. The flafk:, reprefented at E, is cal-

led the Leyden vacuum. It is furnifhed with a
^lve under the ball E; this ball unferews, in

order to come more readily at the valve : a wire,

with a blunt end, projeds a little below the neck
of the flafk

; the bottom of the flafk is coated

.with tin-foil : a female ferew is cemented to the

bottom, in order to ferew it on the pillar A.
F is a fyringe to exhauft the air occafionally,

either from the luminous condudor, or the

Leyden
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Leyden vacuum. To do this, unfcrew the ball

of the Leyden vacuum, or the plate of the lumi-

nous conductor, and then fcrew the fyringc in

the place of either ofthefe pieces, being careful

that the bottom of the female fcrew G bears clofe

againft the leather which covers the {boulders a

b, c d, then work the fyringe, and in a few

minutes the glaffes will be fufficiently exhauded.

IT and I are two Leyden bottles, each of which

has a female fcrew fitted to the bottom, in order

that they may be conveniently ferewed on the

pillar A. The bottle H is furnifhed with a belt,

that it may be ferewed fideways on the pillar A.

K and L are two fmall wires, which are to fcrew

occafionally into either the ball E, the knobs e

or f, the cap c, or the focket g, on the top of

the pillar: the balls may be unferewed from

thefe wires, which will then exhibit a blunt

point. M is a wooden table to be ferewed on

the glafs pillar occafionally.

Experiments
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Experiments on Charging and Discharging
the Leyden Phial, intended to elucidate
and confirm Dr. Franklin’s Theory.

Experi ment lxxxiv.

—

Screw a Leyden phial,

whofe coating is free from points, upon an inf-
lated ffand, and place it fo that it’s knob may
be in contact with the conductor, taking care that
no conducting fubftance is near the coating of the
jar; turn the cylinder round a fufficient number
of times to charge the phial, then examine it

with a difeharging rod, and you will find it had
received no charge,- which thews clearly, that
except the eledtric fluid can etcape from one fide
of the jar, it can receive noneon the other. If
tncre are any points on the coating, or damp on
the (land, the fluid will be carried off by them,
and the jar will receive a fmall charge. The air
which furrounds the coating, will alfo fometimes
carry off a fmall quantity of eledtricity.

Experiment lxxxv.—-Place the fame inf-
lated phial fo that it’s knob may be about halfan
inch from the condudtor, and while the cylinder
is turning, hold a brafs knob near the coating of
the jar ; this knob will receive a fpark from the
coating for every one that paffes between the
conductor and the knob, and the jar will in a

Q little
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little time be charged, by adding electricity tq

one fide, and taking it away from the other.

Experiment lxxxvi.—Screw the phial a, fig.

42, on the infulated pillar d, and bring it’s knob

in contaB with the conductor ; hold another bottle

c, of the fame fize with a, fo that it’s knob may

be in contact with the outfide coating of the bot-
* - *

tie a; turn the cylinder, and when the bottle a

is charged, place c on the table, then unferew

a from it’s ftand, and place it alfo on the table,

but at fome diftance from the other ;
fit a brafs

ball to the bottom ftem of the quadrant elec-

trometer, and hold the electrometer by a filk

firing, fo that the brafs ball may touch the knob

of the bottle ; obfe'rve at what height the index

of the electrometer hands, and then remove it

to the Other bottle, which will raife the index to

the fame height ;
fhewing clearly, that the bottle

has thrown oft from the outfide as much elec-

tricity as it received on the infide.

Experiment lxxxvii.

—

Place the knob of an

infulated bottle in contad with a pofitive con-

duBor, and conneB the outer coating with the

cufhion, or a negative conductor, turn the cy-

linder, and the bottle will be charged with it’s

own electricity ;
the fluid from the exterior

coating
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coating being transferred to the interior one;

the bottle is charged in this inftance without

any communication with the earth.

Experiment lxxxvijT.

—

Charge the two

bottles, fig. 43, pofitively; connect their out-

lide coatings by a wire or chain, then bring their

knobs together, there will be no fpark between

them, and the bottles will not be difeharged,

becaufe neither fide has any thin^ to communi-

cate to the other.

Experiment lxxxix.—Charge the infulated

bottle, fig. 43, negatively, and the other pofi-

tively
; connedt the coating by a chain, and bring

the knobs towards each other, an explofion will

take place, and the bottles will be difeharged.

If a lighted candle is placed between the knobs,

the explofion will be made through the flame in

a beautiful manner, and at fome inches difiance*

See fig. 44*

Experiment xc.—Fix a quadrant eledlro-

meter to the ball of a Leyden bottle, and charge

it negatively
; when it has received a full charge,

the index will ftand at 90 degrees
; then place

the bottle with it’s eledtrometer at the pofitive

conductor, turn the cylinder, the electrometer

Q^2 will
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will defcend, and the bottle will be difcharged

by the contrary eledbricity.

Experiment xci.—Infulate two Leyden bot-

tles ; let their coatings be in contact, and while

you charge the infide of one pofitively, let a

perfon, Handing on the floor, touch the top of

the other with his finger, and it will be charged

negatively.

Experiment xcii,—LM, fig. 45, reprefents

a Leyden jar, which is furnifhed with moveable

Coatings of tin ;
the inner one, N, may be re-

moved by the filk firings f, g, h ; the jar may be

taken from it’s outer coating.

Charge the jar, and then remove the coatings,

bring a pair of pith balls towards the jar, and

they will be flrongly attrafled by it ;
replace the

coatings, and the jar will give a confiderable

fhock ; which fhews, that the power or force of

the charge is relident in the glafs, and not in the

coatings.

Experiment xciii.

—

T V . fig. 46, reprefents

a bottle, whofe exterior coating is formed of

fmall pieces of tin-foil, placed at a little difiance

from each other. Charge this bottle in the ufual

manner, and flrong fparks of electricity will pafs

from
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from one fpot of tin-foil to the other, in a va-

riety of directions ; the reparation of the tin-foil

making the palfage of the fluid from the outfide

to the table vifiblc. Difcharge this bottle, by

bringing a pointed wire gradually near the knob,

and the uncoated part of the glafs between the

lpots will be pleafingly illuminated, and the

noife will refemble that of fmall fired crackers.

If the jar is difeharged fuddenly, the whole out-

ride furface appears illuminated. To produce

thefe appearances, the glafs muft be very dry.

Experiment xciv.

—

String a parcel of foot on
a filk firing, leaving a fmall fpace between each
of them; fufpend this from the conductor, fo

that it may reach the bottom of a coated phial,

which is placed on an infulated Hand ; conned:

another It ring of foot to the bottom of the jar,

and let it communicate with the table, turn the

machine, and a vivid fpark will be feen between
each of the foot, both within and without the

bottle, as if the fire palled through the glafs.

Experiment xcv.—Hold a phial in the hand
which has no coating on the outfide, and prefent

it’s knob towards an eledrified condudor; the
lire, while it is charging, will pafs from the out-
fidc to the hand, in a pleafing manner; on the

difcharge.
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difcharge, beautiful ramifications will proceed

from that knob of the difcharger which is on the

outfide all over the jar.

Experiment xcvi.—Let a chain be fufpended

from the conductor and pafs into an uncoated

bottle, fo that it does not touch the bottom

;

put the machine in action, and the chain will

move round, in order, as it were, to lay the fire

on the inlide of the jar, and thus charge it by

degrees.

Experiment xcvii.—Fig. 47 teprefcnts two

Leyden phials, placed one over the other. Va-

rious experiments may be made with this double

bottle, which are very pleafing, and elucidate'

clearly the received theory.

Bring the outfide coating of the bottle A iri

contact with the prime condu&or, and turn the'

machine till the bottle is charged, then place

one ball of the difcharging rod upon the coating

of B, and with the other touch the knob of the

jar A, which will caufe an cxplofion. Now place

one ball of the difcharger on the knob of A, and

bring the other ball to it’s coating, and you ha\C

a fecond difcharge. Again, apply one ball of

the difcharger on the coating ot B, and carry

the other to the coating of A, and it will pro-

a duce
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duce a third explofion. A fourth is obtained by

applying the difeharger from the coating of A to

it's knob.

X he outer coating of the upper jar communi-
cating with the infide of the under one, conveys

the fluid from the conductor to the large jar,

which is therefore charged pofitively
; the upper

jar does not charge, becaufe the infide cannot

part with any of it’s electric fluid; but when
a communication is formed from the outfide of

A to the infide of B, part of the fire on the infide

ot A will be conveyed to the negative coating of

B, and the jar will be difeharged. The fecond

explofion is occafioncd by the difeharge of the

jar A; but as the outfide o f this communicates,
by conducting lubflances, with the pofitive infide

.of the jar B, it the ball of the difeharging rod
remains a fm.all time after the difeharge on the

knob of A, part of the fire ofthe infide of A wall

cfcape, and be replaced by an equal quantity on
the outfide from the jar B, by which means A is

charged a fecond time ; the difeharge of this

produces the third, and of B the fourth explo-

fion.

The
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The following pleasing Variations of the

FOREGOING EXPERIMENT WERE COMMUNICA-

TED to me ry Mr. j. Fell, of Ulverston.

2d ditto.

3d difcharge.

A the upper bottle, 13 the under bottle.

Knob of A applied to the conductor, and the

charge given.

x ft difcharge. Balls of difeharger from coating

ofA to knob of A.

From coating of B to knob of A.

From coating of B to coating

of A.

4th ditto. From coating ofA to knob of A.

Coating of A applied to the condu&or, and the

charge given.

1 ft difcharge. Balls of difeharger from coating

of B to knob of A.

vA ditto. From coating of A to knob of A.

3d ditto. From coating of B to knob of A.

4th ditto. From coating of B to coating

of A.

uh ditto. From coating ofA to knob of A.

Coating of A applied to the condu&or, and the

charge given, touch the knob ol A witii one

ball of the difeharger, the other ball com-

municating with the earth, then proceed as

follows.

ift dif-
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1 ft difcharge. Balls of difcharger from coating

ofA to knob of A.

2d ditto. From coating of B to knob ofA.

3d ditto. From coating of A to knob of A.

4th difcharge. From coating of B to knob of A.

Go on thus alternately, and fifteen, fixteen, or

more difeharges may be produced.

The contrary State of the two opposite

Sides of a charged Leyden Bottle, shewn

BY THEIR RESPECTIVE ATTRACTIVE AND RE-

PULSIVE Powers.

Experiment xcviii.—Screw the bottle FI,

fig. 49, with the belt lideways on the infulating

ftand, as in fig. 48, and charge it pofitively,

then touch the knob with a pair of pith balls,

thefe will diverge with pofitive electricity ; hold

another pair to the coating, and they will fe-

parate with negative electricity.

Experiment xcix.

—

Ele&rify two pair of the

pith balls which are fixed to the brafs tubes, as

in fig, 22, plate IF by the knob of a pofitively

charged bottle, and place them at a final 1 diftance

from each other, then pufh them together till

the ends of the tubes are in contadt, and the

balls will remain in the fame ftate they were in

R before
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before they were brought together, becaufe their

electricity is of the fame kind. The refult is the

fame if both pair are eledrified by the coating ;

but if one pair is electrified by the coating and

the other by the knob, when they are brought

in contact they immediately clofe.

Experiment c.—A cork ball, or an artificial

fpider made of burnt cork with legs of linen

thread, fufpended by filk, will play between the

knobs of two bottles, one of which is charged

pofitively, the other negatively, and will in a

little time difcharge them.

Experiment ci.

—

A ball fufpended on filk,

and placed between two brafs balls, one proceed-

ing: from the outfide, the other from the infide

of a Leyden jar, when the bottle is charged, will

fly from one knob to the other, and by thus

conveying the fire from the infide to the outfide

of the bottle, will foon difcharge it.

Experiment cii.—An infulated cork ball,

after having received a fpark, will not play be-

tween, but be equally repelled by two bottles

yrhich are charged with the fame power.

Experiment
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Experiment cm.—At fig. 58 a wire is fixed

to the under part of the infulated coated phial,

b c another wire fitted to, and at right angles

with the former, a brafs fly is placed on the

point of this wire ; charge the bottle, and all the

time the bottle is charging the fly will turn

round ; when the bottle is charged the needle

flops. Touch the top of the bottle with a finger,

or any other conducting fubftance, and the fly

will turn again till the bottle is difeharged. The

fly will eledlrify a pair of balls pofitivelv while

the bottle is charging, and negatively when dif-

charging.

Experiment civ.—Place a clean, dry, and

excited pane of glafs, about one foot fquare, on

an infulated box with pith balls, it will caule

the balls to diverge with pofitive ele£tricity, and

they will continue to repel each other upwards

of four hours in dry air. When the balls come

together, remove the glafs, and they will open

with negative eleftricity; replace the glafs, and

they will clofe ; remove it, and they will open

again
; and thus alternately as long as any elec-

tricity remains in the glafs.

If the pane of glafs be placed in a frame of

wood, and a light pith or cork ball be laid on it’s

furface, on prefenting towards it the end of a

R 2 finger,
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finger, or the point of a pin, the ball will recede

from them with a very brifk motion, and may
thus be driven about on the furface of the glafs,

like a feather in the air by an excited tube. The
ball being deprived of it’s eledricity by the pin,

it indantly flies to that part of the glafs which

attrads it mod forcibly.

To excite the pane of glafs ; lay it upon a

quire of large paper, well dried, and then rub
i

it with a piece of clean dry flannel.

The contrary States of the different Sides

of a Leyden Phial, and the Direction

of the Electric Fluid in the Charge and

Discharge thereof, investigated by the

Appearance of the Electric Light.

In Chap. VI. we obferved, that the different

appearances of light on eledrified points was

deemed a criterion of the diredion of the elec-

tric fluid ; that the luminous flar fhews a point

in receiving the eledric matter, whilft the lu-

minous brufh, or cone, indicates that it is pro-

ceeding from a point.

We dial! now examine the date of the diderent

Tides of the Leyden bottle by thefe appearances.

Experiment
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Experiment cv.

—

Screw the jar I on the in-

lulating pillar, and the pointed wire into the

hole g, place another pointed wire at the end

of the conductor, bring the knob of the jar near

this wire, and then turn the cylinder, a pencil

of rays will diverge from the pointed wire in

the conductor to the knob of the jar, at the

fame time another pencil of rays will diverge

from the point at the bottom into the air. Sec

fig. 50.

Repeat this experiment with the negative con-

ductor, and a luminous ftar will appear on the

end of each w ire.

Experiment cvi.

—

Screw’ a pointed wire into

the knob of the jar, (fee. fig. 51) charge

the bottle pofitively, the fire will be received

from the conductor by the pointed wire, and

appear there as a luminous fiar, while the wire

on the outfide of the jar will throw off a diver**

ging cone.

Fig. 52 reprefents the foregoing appearances

reverfed, by charging the jar negatively at the

pofitive conductor.

This experiment may be further varied, by

applying the bottle to a negative conductor.

Experiment
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Experiment cvii.

—

After the jar is charged*

as in the foregoing experiments, turn that wire

from the cylinder wThich before was neared; to it,

then put the machine in action, and the afflux

and efflux will be more apparent than before

;

one point throwing off, and the other receiving

the fluid with extreme avidity, which will in a

little time difcharge the jar.

Experiment cviii.

—

Charge thejar as before,

then touch the wire which is connected with the

negative fide, and the oppofite wire will throw

off a diverging cone; but if the politive fide

is touched, a luminous cone only will be feen on

the other wire.

Experiment cix.

—

Fig. 53 is an electric jar,

B B the tin-foil coating, C a Band which fup-

ports the jar, D a focket of metal which carries

the glafs rod E ; a curved metallic wire, pointed

at each end, is fixed to the end of the rod G,

which rod is moveable at pleafure in a fpring

tube N, that tube being fixed by a focket upon

the top of the glafs rod E, the charging wire

communicates with the different divifions of

the infide coating of thejar by horizontal wires.

Place thejar as ufual, and put the machine

in action, a fmall luminous fpark will appear

upon
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upon the upper point of the wire F, (a plain

indication that the point is then receiving elec-

tricity from the upper ring of the coating on

the outfide of the jar) a fine ftream or pencil

of rays will at the fame time fly olf, beautifully

diverging from the lower point of the wire F
upon the bottom ring of the coating on the jar

;

when thefe appearances ceafe, which they will

as foon as the jar is charged, let a pointed wire

be prefented towards the prime conductor, this

will foon difcharge the jar filently, during which,

the lower point will be illuminated with a fmall

fpark, while the upper point of the wire will

throw off' a pencil of rays, diverging towards thq

upper ring of the coating.

Experiment cx.

—

Take a Leyden phial, the

neck of which fhould not be very broad, fct the

coating on the conductor, and charge it nega-

tively ; when charged, if not too dry, the upper

edge of the coating will throw off one or more

brufhcs of light into the air, which will vifibly

incline towards the charging wire of the bottle,

and fomctimes actually reach it. Prefent the

knob to the prime conductor, and charge the

jar pofitively, a fmall fpark of light will firft ap-

pear on the edge of the cork in the neck of the

bottle, through which the wire pafTes after a few

6 turns
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turns of the cylinder; this fpark becomes a

brufh, darting out from the cork, and gradually

lengthening till it forms an arch, the end of it

extending downwards till it reaches and touches

the end of the coating. If the bottle be dry, it

will in both cafes be difeharged fpontaneouily.

See fig. 54 and 55.

Experiment cxi.—An infulated pofitively

charged bottle will give a fpark from it s knob

to an excited flick of wax, while no fpark will

pafs between it and an exciweo giais tube.

Experiment cxii.—An analyfis of the Ley-

den phial, bv means of the Leyden vacuum E,

Screw this on the infulated Hand,

with the pointed wire from the bottom. Fig.

56 reprefents the appearance of the fiuid on the

points when the bottle is charged negatively, at

a conductor loaded with politive electricity.

Fig. 57, the appearances it difplays when it is

charging pofitively at the fame conductor.

Fig. 59 is the fame bottle charging pofitively

at a negative conductor. 1'ig. 60, it is chaiging

negatively at the fame conductor.

Experiment cxiii.—Fig. 61 reprefents the

luminous conductor on the infulating Hand. Set

the
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the colieding point near the cylinder, and place

the knob of an uncharged phial in contact with

the ball, or hang a chain from it to the table,

and, on working the machine, the ball will be

enveloped in a denfe eledric atmofphere. If

the point be brought in contad with an infulated

rubber, and a communication is made from the

ball to the table, the atmofphere will be on the

point in the tube. If a bottle, pofitively charged,

be prefented, the appearances in the tube will

be as delineated in fig. 62. But if a bottle ne-
gatively charged be thus applied, the appearance
will be as in fig. 61.

This tube, when mounted on it’s infulating

Band, may be ufed inftead of the prime con-
dudor, and all the common experiments may
be performed with it ; the tube will be luminous
during the whole of the operation*

Of the Direction of the Electric Matter
in the Discharge of the Leyden Phial.

Experiment cxiv.—Place a charged jar on
a fmall glafs fiand under the receiver of an air-

pump
; as the receiver is exhaufting the elec-

tric fire will ifTue from the wire of the phial, in
a very luminous pencil of rays, and continue

S' flafhing
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flafhing to the coating till the air is exhaufted,

when the jar will be found tobe difcharged.

If the phial is charged negatively, the current

of fire will appear to have a different direction

from that which it had before.

From this experiment we may infer the effects

of the atmofpheric preffure upon the charge of

the Leyden phial, and learn that it is the na-

tural boundary to every charge of electricity we

can give ;
and, confequently, that a phial would

contain double the charge, in air doubly con-

denfed, as it does in the common atmofphere.,

fince it would increafe the intenfity of the elec-

tric atmofphere.

Experiment cxv.— Place a fmall lighted ta-

per between the two balls of the univerfal dif-

charger, then pafs a very fmall charge of a po-

fitive phial through them, and the flame of the

taper will be attracted in the direction of the

fluid towards the coating. See. fig. 63.

Experiment cxvi.—the fame fmall chaige

from a negative bottle will reverfe the appear-

ance.

In both thefe experiments it is neceffary to ufe

the leafl; charge that can be given, juft fufheient

to leap the interruption in the circuit.

Experiment
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Experiment cxvii.—Place a card on the ta-

ble of the uni verbal difcharger, and bring one

of the points under the card, then conned: this

point with the coating of ajar pofitively charged,

place the other point on the top of the card, and

at about an inch and a half from the forme rnovv

complete the circuit, by bringing a difcharging

rod from the lail wire to the top of a bottle, and

the ele&ricity will pafs through the upper wire,

along the furface ofthe card, till it comes to the

point which is underneath, where it will make

a hole in the card, and pafs through the wire to

the coating of the bottle. See fig. 64.

Experiment cxviii.—Four cork balls, A,

B, C, D, being placed at equal diftances from

each other, from the balls of the difcharging

rod, and from the coating of a pofitively charged

bottle ; on making the difeharge, the ball A
next the rod was repelled to B, which was again

repelled to C, C remained immoveable, but D
flew to the coating of the bottle.

Experiment cxix.—Take a card, and paint

both fides with cinnabar about the breadth of the

finger, fix this card vertically by a little wax on

the table of the univerfal difeharger, let the

pointed ends of one of the wires touch one fide

S 2 of
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of the card, and the end of the other wire the

oppofite fide ; the didance of the points from

each other mud be proportioned to the drength

of the charge ;
difcharge a jar through the wires,

and the black mark, left by the explodon on the

coloured band, (hews that the eleftric duid paded

from the wire, communicating with the infide

of the bottle, to that which communicates with

the outfide, againd which it makes a hole.

Experiments which seem to militate against

the received Theory of Electricity.

Experiment cxx.

—

Let the furfaces of an

elecdric plate be very (lightly charged and infula-

ted, let an interrupted circuit be formed, the

two powers will be vifible, illuminating the points

of the interrupted circuits, and each power will

appear to extend farther from the furface conti-

guous to it, the dronger the charge is commu-

nicated to the plate ; but if the illuminations

on each fide meet, there will immediately fol-

low an explodon of the whole charge. The

length of the interrupted circuit ufed for this ex-

periment was twelve feet.*

Experiment cxxi.—If a cylindrical plate of

air,

* Atwood’s analyfis of a courfe of le&ures, p. 121.
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air, contained in the receiver ofan air-pump, be
charged, it is obferved, the more air that is ex-
haufted from between the furfaces, the more
eafily the powers will unite.

Experiment cxxii.—If an exhaufted receiver
be made part of the electric circuit, and the
charge fhould not be fufficient to caufe an ex-
plofion, an ele£lric light will appear to proceed
in oppofite direction from the parts communi,
eating with the negative and pofitive furfaces.

Experiment cxxiii.—Let a coated phial be
fet on an inflating ftand, and let it’s knob be
touched by the knob of another phial negatively
elearified, a fmall fpark will be feen between
them, and both Tides of the infulated phial will
be inftantly negatively electrified.*

Fallen a pith ball electrometer by a little w7ax
to the outfide coating of ajar, charge the jar
flightly with pofitive electricity, and fet it on an
infulated ftand, the ball will either not diverge,
or only a very little

; bring the knob of a bottle
which is ftrongly charged with pofitive eletricity
near the knob of the former, and the balls will
diverge with pofitive electricity.

Ex PE RIM ENT

* Encyclopedia Britannica, Vol, IV, p. 2698.
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Experiment cxxv.—Let the fame phial, with

the pith balls affixed to it’s outfide coating, be

{lightly charged negatively, and then infulated,

bring the knob of a phial, which is drongly elec-

trified negatively, to that of the infulated one,

and the pith balls will diverge with negative

electricity.

Experiment cxxvi.— Charge a jar pofitively,

and then infulate it, charge another ftrongly with

negative electricity, bring the knob of the nega-

tive bottle near that of the pofitive one, and a

thread will play between them ;
but when the

knobs touch each other, the threads, after being

attracted, will be repelled by both. The nega-

tive eleCtricity is fome how fupcrinduced on the

pofitive, and, for a few minutes after they are

feparated, both will appear negatively clcCtiificd ;

but if the finger is brought near the knob of

that bottle on which the negative eleCtricity was

fuperinduced, it will inftantly be difiipated, a

fmall fpark will {trike the finger, and the bottle

will be pofitively charged as oefore.

One of the pofitions which fupport the Frank-

linian hypothefis, has been already confidered

;

we are now at a proper ftage for pointing out

fome of thofe deficiencies which have been ob-

ferved in other parts of it. To fupport this hy-
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pothefis, it is necefiary to maintain that glass

AND OTHER ELECTRIC SUBSTANCES, THOUGH THEY

CONTAIN A GREAT DEAL OF ELECTRIC MATTER,

ARE NEVERTHELESS IMPERMEABLE TO IT.

This pofition appears contradiBory at the firft

view, for it is not eafy to conceive, that any fub-

ftance canbe full of a fluid and yet impermeable

by it. Especially when a conliderable quantity

of this fluid is taken from one fide, and added to

the other ;
and what is more furprifing, the thin-

ner the glafs, and the lefs quantity it is capable

ofcontaining, the more we are able to put into

it, and the ftronger will be the charge.*

The following among other experiments has

been adduced as a ftrong argument in favour of

the impermeability of glafs. Let a coated phial

be fet upon an infulated hand, and the knob of

another coated phial be brought near it ;
for every

fpark difcharged from the prime conductor to

the knob of the firft jar, a fpark will pafs from

the coating of the firft to the knob of the Second :

now a common obferver generally imagines that

the fire runs through the glafs ;
Dr. franklin

concludes it does not, becaufe there is found a

great accumulation of eleBricity on the infide of

the jar, which manifefts itfclfwhen the infide and

outfide are made to communicate with each

other.

* Encyclopaedia Britarmica, p. 2687.
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other. But we cannot from this and fimilar ex-

periments conclude that glafs is impermeable,

except we fuppofe the eleCtric matter to be ac-

cumulated on one tide of the glafs, and deficient

on the other; but this has never yet been proved,

it has indeed been faid, that if glafs was perme-

able to this fluid, it could never be charged, but

this refts wholly on the fuppofition, that there

is an accumulation ofthe fluid in bodies pofitively

electrified, and a deficiency in thofe which are

negatively fo.*

Mr. Wilfon, to prove the permeability of

glafs, took a very large pane of glafs a little

warmed, and holding it upright by one edge,

while the oppofite edge refted upon wax, he

rubbed the middle part of the furface with his

finger, and found both fides electrified plus; he

accounted for this from the eleCtric fluid palling

through the glafs from his finger. But Dr.

Prieftley fays this appearance ought to take place

on Dr. Franklin’s principles ; for the fire given

to the glafs by the finger on one fide, repels an

equal quantity from the other, which Hands as

an atmofphere, fo that both fides appear pofi-

tively electrified. Mr. Wilfon tried alfo another

experiment, which feems more decifive than the

former. Having by him a pane of glafs, one

fide

* Ibid, p. 2687.
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fide of which was rough, and the other fmooth ;

he rubbed it on one fide, upon doing this both

fides were electrified minus. Dr. Prieftley at-

tempts to reconcile this to Dr. Franklin's hypo-

thecs, as the eleCtric fluid, contained in the glafs,

fays he, was kept equal on both Tides by the

common repullion. If the quantity on one fide

is diminifhed, the fluid on the other fide being

lefs repelled retires inward, and leaves that fur-

face minus. But furely thofe words militate

ftrongly againft the fyflcm he means to eftablifh.

The quantity of fluid in one fide being diminifti-

ed, that on the other, he fays, retires inw ard.

But into what does it retire ? If into the fub-

ffance of the glafs, then is the glafs permeable

by it, which is the very thing Dr. P, argues

againft.*

Dr. Franklin’s theory refts upon the following

pofition, <f That pofitive electricity is an ac-
<f cumulation, or too great a quantity of eleCtric

“ matter contained in a body
; and negative

“ eledlricity is when there is too little.” Of
this however there is not one proof, and all the

attempts that have hitherto been made to prove

it, are only arguing in a circle, or proving the

thing by itfelf. Thus, for inftance, a body elec-

trified pofitively, attracts one that is electrified

T negatively,

* Ibid. P . 2688.
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negatively, becaufe the firft has too much and

the other too little electric matter. But how do

we know that one has too much and the other too

little electricity ? Becaufe they attraCt each other.

Again, it has been proved, that when ajar is

electrified pofitively, there is as confiant a ftream

of fire from the outfide coating, as there is from

the conductor to the infide coating. There-

fore, it is faid, the outfide has too little, and the

infide too much electricity. But how is this

known to he the cafe ? Becaufe in the above

experiment one fide has too much and the other

too little cleCtricity. Thus, in every inftance,

the arguments for Dr. Franklin’s hypothefis re-

turn into themfelves, and no conclufion can be

drawn from them.*

If the reader willies to inveftigate this fuh-

jeCt further, he may confult Eeles’s Philofophi-

cal Eflays, Wilfon’s fhort View of EleCtricity,

Marat’s Recherches Phyfique fur 1’EleCtricite,

Milner’s Obfervations, Lyon’s Obfervations and

Experiments on EleCtricity, and the Encyclo-

paedia Britannica. •

1
'

'

* Ibid. p. 2691.

CHAP.
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chap. vnr.

Of the Electrical Battery, and the

LATERAL EXPLOSION OF CHARCED JaRS.

O incrcafe the force of the eledric explofion.

feveral Leyden phials are conncded to-

gether in a box ; this cohesion is termed an

cle&rical battery. Fig. 6 5 reprefents one of the

1110ft approved form.

The bottom of the box is covered with tin-

foil, to conned: the exterior coatings ; the inlide

coatings of the jars are conne<ded by the wires b,

c, d, e, f, g, which meet in the large ball A;
C is a hook at the bottom of the box, by which

any fubftance may be conneded with the out-

lide coating of the jars ; a ball B proceeds from

the in fide, by which the circuit may be con-

veniently completed. The following precautions

are necelfary to be attended to by thofe who make

ufe of an eledrical battery.

To keep the top and uncoated part of the jars

dry and free from duft, and after the explofion

to conned a wire from the hook to the ball,

which fliould be left there till the battery is to

be charged again, which will totally obviate the

T 2 incon-
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inconveniencies that have occafionally happened

from the rettduum of a charge.

If one jar in a battery is broke, it is impof-

fible to charge the reft: till the broken jar is re-

moved.*

To prevent the jars of a large battery breaking

at the time of the explofion, it has been recom-

mended not to difeharge a battery through a

good conductor, except the circuit is at leaft

five feet long ; but what is gained on one hand

by this method, is loft on the other, for, by

lengthening the circuit, the force of the fhock is

weakened proportionably.

I have been informed, that it is very difficult

to break by an explofion the jars which are made

of green glafs, fabricated at Newcaftle, but have

had no opportunity to make any experiments on

this glafs myfelf.

The force of a battery may be confiderably

increafed by concentrating the fpark from the

explofion, w'hich is effected by caufing it to pafs

through fmall circuits of non-condu&ing fub-

ftances. By this means the refitting medium,

through which the fpark is to pals, may be fo

prepared

* A cracked jar may be made to receive a charge, by

taking away the exfcrnal and internal coatings which were

over the crack, fo as to leave a fpace of about one fourth

of an inch between the crack and lemaining tin-foil.
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prepared as to augment it’s power. If thefpark

is made to pafs through a hole in a plate of glafs,

one twelfth or one fixth part of an inch in dia-

meter, it will be lefs diffipated, more compaift

and powerful. If the part round the hole is

wetted with a little water, the fpark, by con-

verting this into vapour, may be conveyed to a

greater diftance, with an increafe of rapidity,

attended with a louder noife than common.
Mr. Morgan, by attending to thefe and fome

other c ireumftances, has melted wires, &c. with

Email bottles. I hope he will be induced to

communicate this, as well as the reft of his im-
portant difeoveries, to the public.

Experiment cxxvii.—Pafs the charge of a
ftrong battery through two or three inches of
Email wire, it will fometimes appear red hot,

ftrft at the pofitive fide, and the rednefs will

proceed regularly towards the ether end.

Experiment cxxviii.

—

Difcharge a battery

through a quire of paper, a perforation will be
made through it

; each of the leaves is protruded
by the ftroke from the middle towards the cut-

ward leaves, as if the fire darted both ways from
the center. If the paper is very dry, the fire

meets with more difficulty in it’s paffage, and the

6 hole

»
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hole is fmall. If that part of the paper, through

which the explofion is made, is wet, the hole is

larger, the light more vivid, and the explofion

louder.

Experiment cxxix.—The difeharge of a bat-

tery through a fmall fleel needle will, if the

charge is fufficient, communicate magnetifm to

the needle.

Experiment cxxx. :— The difeharge of a bat-,

tery through a fmall and {lender magnetic needle,

will generally deftroy the polarity of the needle,

and fometimes invert the poles thereof. 1 o fuc-

ceed in this experiment, it is often necelfary to

pafs feveral ftrong charges through the needle,

before it is removed from the circuit.

It appears, from Beccaria’s experiments, that

the magnetic polarity, which is communicated

to the needle by ele&ricity, depends on the po-

rtion of the needle when the charge is fent

through it, and is not regulated by the di-

reflion of the ele&ric matter in entering the

needle.

Experiment cxxxi.—Let a quire of paper

be fufpended by a line in the manner of a pen-

dulum from any convenient altitude, fo that it s

plane
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plane may be vertical. Let the largeft charge
from a battery be caufed to pafs through it

while quiefcent in an horizontal direftion per-
pendicular to the plane, the rods of communi-
cation not touching the paper

; the phenomena
are; firfl, the aperture mentioned in Exp. 128,
the leaves being protruded both ways from the
middle : fecond, not the fmalleft motion is com-
municated to the paper from the force of the dif.

charge.

A quire of the thickefl and ftrongeft paper
was made ufe of for this experiment, the height
from which it was fufpended fixteen feet. It is

an extraordinary appearance on the hypothecs
of a fingle ele&ric fluid, that a force fufficient
to penetrate a folid fubflance of great tenacity
and cohefive force, fhould not communicate the
fmalleft motion to the paper, when a breath of
air would caufe fome fenfible vibration in it.

Hut this difficulty is not unanfwerable ; for a
velocity may be afligned, with which a body
impinges againfl: and paffes through a pendu-
lum of any given weight and refilling force, fo
that a fmaller angular volocity fhall be com-
municated to it, than any that fhall be propofed,
and we know no limit to the velocity of the elec-
tric power or powers. But the other pheno-
menon, 1. c . the oppofite direction in which the

leaves
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leaves are protruded, tends very much to

ftrengthen the opinion of two oppofite currents

:

perhaps either of thofe phenomena, confidered

limply, may admit of an eafy folution from the

hypothecs of a fingle power ;
when they are taken

both together, it feenis more difficult to reconcile

this hypothecs with matter of fad.*

Experiment cxxxii.—Discharge a batteiy

through a (lender piece of wire, ex. gr. one 50th

of an inch in diameter, the wire will be broken

to pieces, or melted, fo as to tall on the table

in glowing balls.

When a wire is melted in this manner, the

fparks fly frequently to a considerable diftance,

being fcattered by the exploiion in all diredlions.

If the force of the battery is very great, the

wire will be entirely difperied by the force ot

the exploiion. Small particles of iuch fuoflances

as cannot be eafily drawn into wire, as platina,

grain gold, ores, &c. may be placed in a groove

of wax, and then put into the circuit ;
if a dif-

charge of fufficicnt (frength is palled through

them, they will be melted.

The force, by which wires arc inched by a

battery, varies with the length oi the ciicuit, as

the fluid meets with more reMance in propor-

tion

* Atwood’s Analyfis.
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tion as the paflage through which it is to pafs

is longer. Dr. Prieftley could melt nine inches

of fmall iron wire at the diftance of fifteen feet,

but at twenty feet diftance he could only make

fix inches of it red hot, fo that metals refift with

confiderable force the paflage of the elebtric fluid,

and therefore in eftimating the condu&ing pow-

ers of different fubftances, their length muft be

particularly attended to.

Experiment cxxxiii.-—Inclofe a very (lender

wire in a glafs tube, difcharge a battery through

this wire, and it will be thrown into globules of

different fizes, which may be collected from

the inner furface of the tube : they are often

found to be hollow, and little more than the

fcoria of the metal.

Many experiments have been made, in order

to try the different conducing powers of metals,

by palling the difcharge of a battery through’

them ; but it has not yet been determined, whe-

ther the greater facility with which fome metals

are exploded depends on the eafe with which

the fluid paffes through them, or whether it

proceeds from the degree of refiftance they make

to it’s paflage, or from a want of dueftility in

the metal, which is therefore lefs capable of ex-

pa nfion.

U Experiment
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Experiment cxxxiv.

—

Difcharge a battery

through a chain which is laid on paper, and

black marks will be left on the paper in thofe

places where the rings of the chain touch each

other
;

the rings will be more or lefs melted at

thofe places.

Experiment cxxxv.—Take two pieces of

window glafs, of about 3 by 2 inches, place a

Hip ofbiafs or gold leaf between them, leaving

the metallic leaf out beyond the glafs at each

end ; then place the two pieces of glafs in the

prefs of the univerfal difeharger, bring the points

of the wires E T, E F, fig. 33, to touch the

ends of the leaves, and pafs a difcharge through

them, which will force part of the metal into the

glafs and (tain it with a colour which differs from

the metal that is made ufe of. The metallic leaf

fhould be made narroweft in the middle/ becaufe

the force of the eleftric fire is in proportion to

it’s denfity, which is increafed when the fame

quantity of fire is compelled to pafs through

fewer conducting particles. ,

The explofion in melting the (tripes of leaf-

gold, &c. renders them non-condufling, and lefs

capable after each difcharge to tranfmit another.

Some particles of the metal are driven into the

glafs, which is really melted j thofe parts of the

metal.
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metal, which lie contiguous to the glafs, are the

moft perfectly fufed. The pieces of glafs which

cover the flip of metal are generally broken to

pieces by the difeharger.

Experiment cxxxvi.—Place a thick piece of

glafs on the ivory plate of the univerfal dif-

eharger, fig. 3, PI. II. and a thick piece of ivory

on the glafs, on which a weight from one to

feven pounds is to be placed
; bring the points

of the wires EF ET againft the edge of the glafs,

and pafs the difeharge through the wires, by

connecting one of the wires, as EF, wdth the

hook Cof the battery, fig. 65, PI. IV. and form-

ing a communication, when the battery is

charged, from the other wire ET to the ball,

and the glafs will be broken, and fome part of it

fhivered to an impalpable powder. When the

piece of glafs is ftrong enough to relift the fhock,

the glafs is often marked by the explofion with

the moft lively and beautiful colours. I have

been informed by Mr. Morgan, that if the glafs

is cemented down, the effect is the fame as when

it is preffed by the weights
; and this mode is

in various experiments more convenient.

Place a piece of very dry white wood be-

tween the balls of the univerfal difeharger, the

fibres of the wood to be in the fame direction

U 2 with
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with the wires, pafs the {hock through them,

and the woods will be tore to pieces, or run the

points into the wood, and then pafs the (hock

through them.

Experiment cxxxvii.—If the difcharge is

palEd under the piece 01 ivory with the weights

upon it, without any glafs between the piece

of ivory and the table GH of the univerfal dif-

charger, the weights will be lifted up by the

lateral force of the difcharge
j
the number of

weights muft be proportioned to the force of the

explotion.

Experiment cxxxviii.—Fig» 66, a reprefents

an infulated rod, nearly touching a charged jar,

b is another infulatcd rod, placed in a line with

and near to the former ;
make the difcharge by

the rod e, from which a chain hangs that does

not touch the bottom of the jar, and the rod b

will receive an elecftric fpark, which quits it again

aimoft in the fame inftant, becaufe the fineft

threads hung upon it will not be electrified by

the fpark.

This electrical appearance, without the cir-

cuit of a difeharging jar, is called the Lateral

Explolion.

If pieces of cork, or any light bodies, be

placed
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placed near the explofion of a jar or battery, they

will be moved out of their place in all directions

from the center ofthe exploiion ;
and the greater

the force of tne explofion, fo much greater will

the diftance be to which they are removed. It

is not furprifing, therefore, that heavy bodies

fhould be removed to conliderable diitances by

a ilrong fiafn of lightning. Dr. Prieftley ap-

prenends, that this fpeciesof lateral force is

produced by the explofion of the air from the

place through which the electric difeharge palTes.

This lateral force is not only exerted in the

neighbourhood of an explofion, when it is made

between pieces of metal in the open air, but alfo

when it is transmitted through pieces of wire

that are not thick enough to conduct it perfectly.

The Smaller the wire is, and the greater the

fufion, the greater is the difperfion of light bodies

near it.

Experiment cxxxix.—If circuits, different in

length and of different fubftances, form a com-

munication between two charged furfaces of an

electric plate, it is obferved, the difeharge will

be made through the bed conductors, whatever

be the length of the others.

2. If circuits of the fame fubftance be different

in
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in length, the difcharge will be made through

thefhorteft of them.

3. If the circuits be the fame in every ref-

pedt, the difcharge will be made through many
of them at the fame time.*

If one circuit confifts of undried wood, and is

of considerable length in comparifon of another

which confifts of metal, the difcharge will be

made wholly through the latter, unlefs the charge

Ihould be very great, in which cafe fome fmall

part will pafs through the wood.

Ifa fhort metallic rod and any part of the hu-

man body form two circuits between the fame

charged furfaces, the difcharge will, in general,

be made wholly through the metallic rod ; but

if the charge is very great, or if the rod is very

fender, or if it ftiould be very long, in either of

thefe cafes the difcharge may be perceived to

pafs through that part of the body which forms

one of the circuits.

This will be the cafe when the charge is fmall,

but it may be.fo increafed as to pafs through both

die longer and fhorter circuits.

I have been informed by a gentleman, that

it was his cuftoin to make a variety of circuits

for the difcharge of a large jar or battery; and,

that having a fufficient number of thefe, he

could

Atwood's Analyfis, p. 119, 120.
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could introduce himfelf into one of them, and

take his part of the fhock without inconvenience,

it even was not difagreeable ; and he could

by this means leflen the fenfation almolt to

nothing.

Experiment cxl.—Mr. Henly made a double

circuit, the firft by an iron bar, one inch and a

half in diameter, and half an inch thick ; the

fecond, by four feet and a half of fmall chain.

On difcharging a jar, containing five hundred

fquare inches of coated furface, the eledriciry

paired in both circuits, fparks being vifible on

the fmall chain in many places. On making the

difeharge of three jars, containing together lix-

teen fquare feet of coated furface, through three

different chains at the fame time, fig. 67, bright

fparks were vifible in them all. The chains

were of iron and brafs, of very different lengths ;

the fhorteft ten or twelve inches, the longeft

many feet in length. When thofe jars were dif-

charged through the iron bar before-mentioned,

together with a fmall chain, three-quarters of

a yard in length, the whole chain was illumined,

and covered throughout with beautiful rays,

like brifiles, or golden hair. Having placed a

large jar in contact with the prime conductor,

and affixed to the coating of it an iron chain,

6 which
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which was alfo connected with a plate of metal,

on which was made the difcharge by the dif-

charging rod : this done he hooked another

chain, much longer, and of brafs, to the op-

pofite fide of the jar, and brought the end of it

within eight inches and an half of the metal

plate. In contaft with this end a fmall oak flick

was laid, eight inches long, which was covered

with faw-duft of fire-wood. On making the

difcharge upon the plate, both the chains were

luminous through their whole lengths, as was

alfo the faw-duft, which was covered by a

ftreak of light, making a very pleafing appear-

ance.

At the glafs-houfe there is generally a great

number of folid flicks of giafs, about one quarter

of an inch diameter; if thefe be examined nar-

rowly, feveral of them will be found tubular a

confiderable length ;
the diameter of the cavity

feldom exceeds the 200th part of an inch. Se-

lect and break oft' the tubular part, which may

be filled with quickfilver by fucking, care being

taken that no moifture previoufly infinuates it-

felf ;
the tube will then be prepared for the

experiment.

Experiment cxli.—

P

afs the fnock through

this fmall thread of quickfilver, which will be

inftantly
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inflantly difploded, and will break or fplic the

tube in a curious manner.*
#

Experiment cxlii.

—

Take a glafs tube, the

bore of which is about one quarter of an inch,

fill it with vtfater, and flop the ends with cork,

infert two wires through the corks into the tube,

fo that their ends may nearly touch, make the

ends of thefe part of a circuit from a battery;

on the difeharge, the water will be'difperfed in

every direction, and the tube blown to pieces by

the difeharge.

The eledric fluid, like common fire, con-

verts the water into an highly elafiic vapour.

Dr. Franklin, on repeating this experiment with

ink, could not find the leal! Itain upon the white

paper, on which the tube had been placed.

Beccaria palled the fhock through a drop of

water, which was fupported, in the center of a

foiid glafs ball, between the ends of two iron

wires, and the ball was fhivered in pieces by the

explofion. On this principle he contrived what
he calls an eledrical mortar, which will throw a

fmall leaden ball to the diflance of twenty feet.

It is clear, from feveral of the foregoing experi-

ments, that the eledric fluid endeavours to ex-

W plode,

* Nicho Ifon’s Introduction to Philofophy, p. 413.'
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plode, in every direction, the parts of the refilling

fubftances through which it paffes.

Experiment cxliii.—Place a building, which

is formed of feveral loofe pieces of wood, on a

wet board in the middle ol a large bafon of

water, let the electric flafh from a battery be

made to pafs over the board, or over the water,

or over both ;
the water will be ftrongly agitated,

and the building thrown down. The report is

louder than when the explofion paffes only

through the air. The eledric fluid endeavours

to pafs near the furface ot the ivater where it

meets with more reflftance, than if it is forced

to pafs through it. This partly arifes from the

power the eledric fluid has of railing an expan

five vapour from the furface of the water, which

drives off the refilling air.

A difcharge palled over the furface of a piece

of ice will leave on it fmall unequal cavities, ex-

hibiting the fame appearance as if a hot chain

had been placed on it.

A difcharge fent through a green leaf tears

the furface in various diredions, leaving an

image in miniature of fome of the effeds of

lightning. A difcharge will pafs to a certain

diftance over fpirit of wine, without inflaming

it; but, if the diftance is increafed, it will fee
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it on fire. From hence it appears, that the

facility with which the electric fire is tranfmitted

over the furface of moiffc fubftances, depends

on the eafe with which they are turned into

vapours.

The difcharge, in melting the particles of

metals, drives into it’s palfage the conducing

vapours which arife from them ; and in pro-

portion as the parts of any body are more rea-

dily driven into vapour or dull, the fpark will

run to a greater dillance.

Experiment cxliv.

—

If a wire is ftretched

by weights, and a {hock is fent through it that

will render it red hot, it is found to be confidef-

ably lengthened after the difcharge. When the

wire is loofe, it is faid to be ihortened by the

explofion.

Experiment cxlv.

—

If a long narrow trough

of water is made part of the circuit in the dif-

charge of a battery, and a perfon’s hand be im-

merged in the water at the time of the explofion,

he will feel an odd vibration in the water, very

different from an electrical {hock. The quick

ftroke from the repercuffion of the air and the

vapour, is communicated to the hand by the

water, and the hand receives a fhock fimilar to

W 2 that
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that received by a fhip at fea during an earth-

quake.

Experiment cxlvi.—Place a plain piece of

metal between the points of the univerfal dif-

chamer, pafs feveral explofions ot a battery

through the wires, and the difcharges will gra-

dually form on the metal different circles, beau-

tifully tinged with the prifmatic colours. The

circles appear fooner, and are clofer to each

other, the nearer the point is to the furface of

the metal. The number of rings, 01 circles,

depend on the fharpnefs of the point ;
the ex-

periment therefore, fucceeds better if a {harp

* needle is fattened to one of the points of the

difcharger.

Several very curious experiments were made

by Dr. Watfon and others, to afcertain the dis-

tance to which the eleftric fhock might be con-

veyed, and the velocity with which it moves.

'

In his firtt experiment, the fhock was given and

fpirits fired by the eledtric matter, which had

been conveyed through the river Thames. In

the next experiment, the electric fluid was made

to pafs through a circuit of two miles, crolfing

the New-river twice, going over feveral gravel-

pits, and a large field. It was afterwards con-

veyed through a circuit of four miles. It paffed

}
r • over
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over thefe (paces inflantaneoufty as to fcnfe.

This fenfible inftantaneity in the motion of the

eledtric fluid was afcertained by an obfcrver,

who, though in the room with the charged phial,

was, at the fame time, in the middle of a circuit

of two miles, and felt himfelf (hocked at the fame

inflant he faw the phial difcharged.

Notwithftanding this furprifing velocity, it is

certain, that both (ides of a charged phial may
be touched fo quickly, even by the bed conduc-

tors, that all the eleblric matter has not time to

make the circuit, and the phial will remain but

half difcharged ; and there are fcveral inflances

where the motion appears flow, and not eafilv

reconcilable with this immeafurable velocity

;

and it is alfo certain, that this fluid is refilled in

it’s paflage through, or over, every fubflance.

The wonderful part of the foregoing experi-

ments will vanifli, if we admit the reafoning of

Mr. Volta on this fubjeft; and the reader Will

find his reafoning confiderably (Lengthened,

by experiments 120, 121, 122 of this Eflay,

which were originally made by Mr. Atwood;

though it mud be owned, thefe experiments

feem to lead much further, and give an idea of

the dire&ion of the ele&ric fluid in the di (charge

of the Leyden phial, which differs altogether from

the received theory.

The
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The following account is extracted fr om a

very long paper of Mr. Volta, in the Journal de

Phyfique for 1779 :

Let us luppoie that ci y b ,
c
y
dy c y fy

hy iy

ky /, my ny
oy hold hands ;

let a grafp the out-

fide of a charged Leyden phial, and 0 touch ne

knob ; at the inftant 0 receives the fire difcharged

from the infide by the knob, a will furnifh from

his natural Ifock to the outiide, without waiting

till the fire arrives to him from o
y
by n y

tow, &c. in

the mean while the lofs of a is compenfated from

by
and b is furnifhed with frefh matter from c%

and fo on. It is ftill true, that there is but one

ftream, if we coofider only the direction of the

fluid, which is excited fimuitaneoufly at the two

extremities, and moves at the lame infiant of

time; though, to fpeak more accurately, it is not

one ftream, but two united in one. If tne ex-

treme rapidity with which the fire paffes, did not

prevent our perceiving the fucceflive commotions

received by the perfons who form the chain, we

ftiould find they did not follow the order 0, n,

vi y /, but were felt fimuitaneoufly, firft at the

two extremities 0 and ay
then at n and b, m and c,

&c. advancing towards the middle of the chain.

Agreeable to this, if the bottle is fmall, the lon-

ger the circuit is made, thofe who are furtheft

from the extremities find the fhock weaker.

To
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To render this account more clear, feparate

the circuit, and form on a dry floor two rows,

a ,. b%
cy

dy—e, /, g t
by interrupted in the middle ;

let e grafp the bottle by the outflde, and a excite

the difeharge by touching the knob of the bottle ;

now, if the electric fire was obliged to take the

fhorteft courfeto come to the exterioi and nega-

tive furface, it ought to defeend to the feet of*,

pafs over the boards to the feet of e, and then

through him to the outflde, without a&ing on

f> gy by which would be out of it’s circuit. But,

contrary to this, the fluid goes out of the direbt

courfe, to follow that of the conducting perfons,

which afford it a proper receptacle, and comes

to the outfide by another fource. The fire which

goes from the infide from e to fy gy by gives

them a fenfible fenfation in their hands and

their heels, (hewing itfelf by a fpark, if the

hands and the feet are feparated a little from each

other, and finifhes by diffipating itfelf in the

common refervoir. In the fame manner dy
who

firff gives the fire to the outfide, receives it fuc-

ceflively from c, by a, who all draw it in from

the floor. The ffream therefore, which proceeds

from the knob of the bottle, pafling through the

condubting fubffance, lofes itfelf in the general

fource ; while, from the fame fource, a fuflicient
4

quantity
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quantity is taken to fupply the deficiency of the

exterior furface.

If fy gy by do not form a chain, but are irre-

gularly placed round e, the pofitive part of the

fluid may be feen to fpread itfelf on different

fides, and divide itfelf in different branches to

reach the floor. The fluid will in the fame

manner rife from the floor to reach dy if ay by

and Cy are irregularly placed round him ; fo that

each furface excites it’s own ftream ; one that

enters the bottle, the other proceeding from it.

Thus alfo, in the foregoing experiments of Dr.

Watfon, where it has been fuppofed that the

eledtric fluid has made fuch amazing circuits

through rivers, over fields, &c. the fluid from

the infide was difperfed in the river, at the inftant

that the outflde collected, from the fame fource,

fupplies for it’s own deficiency.

It appears alfo, from other experiments, that

one fide of a charged electric may contain more

ofone power than is fufficient to ballance the con-

trary power on the other fide, for, if a charged

jar is infulated, and the difeharge is made by a

difeharger with a’glafs handle, after the explofion,

the difeharger, and both fldes of the jar, will

poffefs a contrary power to that obtained on the

fide of the jar, which was touched the lafl before

the difeharge. _° CHAP.
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CHAP. IX.

On the Influence of Pointed Conductors

HE importance of eledtricity, as well as it’s

univerfal agency, becomes more confpicu-

ous, in proportion as our acquaintance with it

increafes. We find no fubftance in nature which

is not adted on by it, either as a conductor or

non-condudtor ;
and difeover, that the furprifing

phaenomena of thunder and lightning owe their

origin to, and are of the fame nature with it.

Very little progfefs had been made in eledtricity,

when the analogy between the eledtric fpark and

lightning was difeovered : but the fubfime idea

of realizing thefe conjedtures, and proving that

the fire which flatties in the fky, is the fame

agent which explodes and gives a fhock in our

experiments, was given to Dr. Franklin; who

alfo firfl fuggefted the utility of pointed conduc-

tors of metal, to preferve buildings from the

dreadful effedts of lightning; an idea which

was received with general appiaufe and approba-

tion. Since this period, many electricians have

been induced to change their opinion relative to

the utility of thefe conductors ; and among thofe

for Buildings.

X who
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who underftand the fubjcCt well, it has been

difputed, w hether the preference fhould be given

to a conductor w ith a pointed end, or to one

which has an obtufe termination.

The experiments which have been made oil

this fubjeCt are very numerous ; but the greater

part appear to me very inconclulive, and prefent

only a very partial view of the fubjeCt. Among

thefe we may reckon thofe in which different

fubftances have been introduced, to reprefent
%

the action of conductors on clouds; fince the

various fubftances made ufe of in thefe experi-

ments, were cohering maffes, in which they

differ effentially from the clouds w hich float in

the air. It appears alfo, from many inflances,

that lightning does not pafs in one undivided

tract, but that neighbouring bodies carry off

their Chare, according to their quantity and

conducing power.

A pointed conductor, which communicates

with the earth, has not any particular power of

attracting electricity, and aCts only as any other

conducting fubflance, w hich does not refifl the

paflage of the eleCtric fluid.

It is true, that electricity pafles with more

cafe from an eleCtrified body to a conductor

which is pointed, than to one which is flat or

globular ; becaufe, in this cafe, the elaflicity of

the
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the eleCtric fluid, and it’s power to break through

the air, are weakened by ihe flat furface, which

acquires a contrary electricity ,
and compenfates

the dtminifned intenflty more than a point can ;

the point being eafily rendered negative, while

the effort of the fluid to efcape from the eledrifled

body, is greater than when it is oppofed by a

fiat furface. So that it is not the particular pro-

perty of a point, or flat, but the different ftate

of the electrified body, which caufes it to part

with it’s electricity eafier, and from a greater

diftance, when a pointed conducting fubflance

is prefented to it, than it does to a flat or globu-

lar conductor.*

The capacity of conductors to hold eleCtricity,

is in proportion to the furfaccs which are free, or

uninfluenced by a fimilar atmofphere ; a circum-

stance which will, more or lefs, affeCt thofe con-

ductors which are applied to buildings, according

to the flate of the clouds and their atmofphere,

the time their influence has been exerted, the

nature of the conducting flrata of the earth, and

ij’s eleCtric fit u at ion.

Befides, the eleCtric powers muff be feparated

before any body can be eleCtrified ; and the point

muff be in affate to give one kind of eleCtricity,

before it can receive the other. They cannot aft
*

f 1

X 2 beyond

* See Volta’s Paper, Phil. Tran, vol. 729



1J2 An Essay on

beyond the eledlric atmofphere of the body to

which they are prefented, and their adlion is

differently modified by the ftate of the air.

Fig. 68 reprefents the gable end of a houfe,

fixed vertically on the horizontal board F G ;

a fquare hole is made in the gable end at h i, into

which a piece of wood is fitted
;
a wire is inferted

in the diagonal of this little piece
;
two wires are

alfo fitted to the gable end ;
the lower end of

one wire terminating at the tipper corner of the

fquare hole; the top of the other wire is fixed

to it’s lower corner ;
the brafs ball on the

wire may be taken oil, in order that the pointed

end may be o^cafionally expofed to receive the

explofion.

Experiment cxlvii.—Place a jar with it's

knob in contadt with the condudtor, conned

the bottom of the jar with the hook H, then

charge the ]ar, and bring the ball under the

condudtor, and the jar will be difeharged by an

explofion from the condudtor to the ball ol the

houfe. The wires and chain being all in con-

nection, rhe fire will be conveyed to the outfide of

the jar, without alfedting the houfe : but if the

fquare piece of wood is placed fo that the wdres

are not connedled, but the communication cut off,

the eledtric fluid, in palling to the outfide of the

bottle,
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bottle, will throw out the little piece of wood to

a confiderable diftance, by the lateral force of

the explofion. See fig. 68.

Unfcrew the ball, and let the point which is

underneath be prefented to the conductor, and

then you will not be able to charge the jar ; for

the (harp point gradually draws the fire from the

conductor, and conveys it to the coating on the

outfide of the jar.

The prime conductor is fuppofed to reprcfent

a thunder cloud difcharging it’s contents on a

weather-cock, or any other metal, at the top of

a building. From this experiment many have

inferred, that if there is a connexion of metal

to conduB the eledtric fluid down to the eaith,

the building will receive no damage ; but where

the connection is imperfedt, it will firike from

one part to another, and thus endanger the whole

building.

Experiment cxlviii.—Mr. Henly affixed to

the top of a glafs fiand a wire, three-eighths of

an inch in diameter, terminated at one end by

a ball, three-fourths of an inch in diameter, and

at the other end by a very fharp point
;

(fee fig.

69.) round the middle of this wire hung a chain,

twelve inches long; he connected the chain with

the coating of a charged bottle, and brought the

knob
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knob of it very gently towards the ball on the

infulated wire, in order to obferve precifely, at

what diftance it would be difeharged upon it,

which conftsntly happened at the diftance of

half an inch, with a loud and full explofion.

Then charging the bottle, he brought it in the

fame gradual manner towards the point of the

infulated wire, to try alfo at what diftance it

would be {truck *, but this, in many trials, never

happened at all j the point being approached in

this gradual manner, always drew off the charge

imperceptibly, leaving fcarce a fpajk in the

bottle.

Experiment cxlix.—The fame gentleman

connected a jar, containing 509 fquare inches

ofcoated furface, with the prime conductor ; fee

fig. 68. If the jar was fo charged as to raile the

ele&rometer to 6o°, by bringing the ball on the

wire of the thunder houfc, to half an inch dif-
*

tance from that conneBed with the prime con-

ductor, the jar would be difeharged, and the

piece in the thunder houfc thrown out to a con-

ftderable diftance. Ufing a pointed wire as a

conductor to the thunder houfc, inftcad of the

knob, the charge being the fame, the jar was

difeharged ftlently, though fuddenly, and the

piece was not thrown out.

Experiment
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Experiment cl.—He afterwards made a

double circuit to the thunder houfe; the firfc by

a knob, the fecond by a fharp pointed wire, at

an inch and a quarter diftance from each other,

but exactly the fame height. The charge being

the fame, the knob was firft brought under the

prime condu&or, which was half an inch above

it, and followed by the point at an inch and a

quarter diflance, yet no explofion fell upon the

ball, as the point drew olfthe charge filently, and

the piece in the thunder houfe remained un~

moved.

Experiment cli.—He infulated a large jar,

and conne&ed, by chains, with the external

coating, on one fide, a knob, on the other a

Iharp pointed wire, both being infulated, and

Handing five inches from each other, (fee

fig. 70,) and placed an infulated copper ball,

eight inches in diameter, fo as to Hand

cxadlly at half an inch diflance both from the

knob and the point; the jar was then charg-

ed, and the difeharge made by the difeharging

rod on the copper ball, from whence it leaped

to the knob A, which was three quarters of an

inch in diameter, the jar was difeharged by a

loud and full explofion, and the chain was very

luminous.

5

Experiment
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Experiment clii.—Mr. Henly fufpended by a

(ilk firing, from one end of a wooden bar, which

turned freely in an horizontal dire&ion upon

the point of a needle, a large bullock’s bladder,

gilded with leaf copper ; the bladder was bal-

anced by a weight at the other end of the arm j

(fee fig. 7 1 ;) he gave a flrong fpark from the

knob of a charged phial to the bladder ;
he then

prefented towards it a brafs ball, two inches in

diameter, and obferved that the bladder would

come towards it at the diflance of three inches

;

?.nd when it got within ^tn inch, would throw'

off it’s ele&ricity in a full fpark. He then gave

it another fpark, and prefented a pointed wire

towards the bladder, which never approached

to the point, nor ever gave any fpark, the elec-

tricity being carried off.

Experiment clii i.—Take two or three fine

locks of cotton, fallen one of them to the con-

ductor by a fine thread, another lock to that, and

a third to the fecond, put the machine in aClion,

and the locks of cotton will expand their fila-

ments, and will extend themfelvcs towards the

table. Prefent a fharp point under the loweff,

and it will {brink up towards the fecond, and

this towards the firfl, and all together towards

the
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the prime conductor, where they will continue

as long as the point remains under them.

Experiment cliv.—Fatten a number of fine

threads, or hair, to the end of the prime conduc-

tor ; when the cylinder is turned, thefe will

diverge like rays proceeding from a center : con-

tinue turning the cylinder, and prefent a point

towards one fide of the conductor, and the

threads on one fide will hang down, and lofe

their divergence, but thofe on the other fide

will ftill continue to diverge ; which fhevvs, that

the power of points to draw off electricity, does

not extend round the electrified body, when
means are ufed to keep up the fupply of ekari-
city.

Fig. 72 reprefents an oval board, three feet

long and two feet broad, coated on both fides

with tin-foil, and fufpended by filk lines from
a double hook

; this turns on an axis, which is

fattened to one arm of a nice ballance, and coun-
terpoifed at the other arm by a weight

;
part of

the table underneath the board is to be cover-

ed with tin-foil, and communicate to the floor

by a chain.

Experiment clv.—Conned the pendulous
board v\ith the prime conductor by a fmall wire,

^ a few
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a few turns of the machine will eleftrify the

apparatus. When this experiment was made,

the board was attracted by the table at fifteen

inches diftance, and difchargcd itfelf with a

ftrong fpark. The fame happened to a metal

ball which was placed on the table, the board

approaching till it was about one inch from the

ball, and then difcharging itfelf by a fpark. If

a point is fixed on the board inftead of a knob,

the pendulous board, though it begins to ap-

proach, flops at about four or five inches from

the table, and it will not approach nearer, or

give a fpark : a fmall light is feen upon the

point in the dark. A Leyden phial was then

connected with the prime conductor ;
it now

required more turns of the machine to charge

the apparatus ;
the eflfedt was the fame as before.

The counterpoife was now held, that the board

might not difeend till it had received a full

charge : when fet at liberty, it was not only

attraTed by, but alfo gave a loud cxplofion on

the poin't, infomuch, that the tin-foil round it

was ftained by the overflowing of the fire.

The following experiment is extracted from

« An Account of Experiments made at the

Pantheon, on the Nature and Ufc of Conductors,”

by Mr. Wilfon. It was made in order to point

out what he deemed erroneous in an experiment

of



0

Electricity. 179

of Mr. Henly, which is the 151ft of this

Eflay.

The circuit of communication was divided

into two parts.

A bent rod of brafs, with a ball of the fame

metal, three quarters of an inch in diameter,

fcrewed on to the upper extremity of it, and a

copper ball, five inches in diameter, fcrewed on

to the lower end, forms one of the parts. This

part was fupported by a (land of wood that had a

cap of brafs at the top, into which the brafs rod

was occaftonally fcrewed.

The other part of the circuit confifted of a

brafs rod alfo ; one end of which branched out

in the form of a fork, with two prongs that

pointed towards the center of the copper ball;

and thofe prongs were fo conftrufled, that either

ofthem could be made longer or (horter, juft as

the experiment required. On the end of one of

the prongs was fixed a ball of brafs, three quarters

of an inch in diameter, and on the other a fharp

fteel point or needle. The (boulder of this fork

fcrewed into a fmall plate of iron, that was fixed

on the infide of a wooden veffel, which contained

the greateft part of a cylindrical glafsjar, twelve

inches three quarters high, and about four

inches in diameter. This glafs was rather thick

than otherwife, and the coating of it (which

Y 2 was
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was tin-foil) meafured nearly 144 fquare inches

on each furface. Betides this coating, part of

the infide of the wooden veffel was coated alfo

with tin-foil, for the purpofe of making a fecure

communication between the iron plate and the

outward coating of the jar. Within the jar itfelf

was fitted a cylinder of wood, that was covered

with tin-foil alfo, to make a communication

between the infide coating of the glafs and a brafs

rod, that was fixed upright in the center of the

wooden cylinder. This upright rod having a

ball of brafs at the end, three quarters of an inch

in diameter, was bent towards the firff part of

the circuit ; fo that the two balls A and B, in fig.

73, being upon a level, looked towards each

other, but were placed from time to time at

different diftances, as occafion required ; and

thus anfwered the purpofe of an ele&rometer.

Mr. Wilfon began the experiments where the

electrometer was ftruck at the greateft diftance,

and then adjufted the diftances of the ball ac-

cordingly ;
fo that if the point was ftruck when

they were adjufted, the moving of the ball the

thirty-fecond part of an inch would occafion the

ball to be ftruck in preference to the point, and

vice verfa. Afterwards he leffened the linking

diftance of the electrometer, in every experiment,

f;il[ he attained the leaf! diftance.

Upon
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Upon reverfing part of the apparatus, and

fixing the ball to the bottle, and the fork to the

ftand, all thofe experiments were repeated again ;

the copper ball being put neareft to the glafs, in

the place of the forked part, and the forked part

in the place of the copper ball. This fet of experi-

ments being completed, he made others, where

the ball only was oppofed ;
and after them, where

the point only was oppofed to the copper ball.

Having gone through all thefe experiments,

as they are fet down in the firft table, he then

repeated the experiment with the chain, after

Mr. Hcnly’s manner. The refult of which, and

with the apparatus reverfcd
,

will appear in the

fecond table.

\

TABLE



i8a An Essay on

TABLE I.

Experiments made at Dr. Higgons’s, June

19, 1778, with the Leyden Phial and
Forked Apparatus.

N. B. The meafures expreffed in the following tables were

taken from a fcale containing 32 parts in one inch.

The number oppofite the word electrometer, denotes the

diitance between the balls which conflitute the elettro-

meter ; and the numbers oppofite to the words ball and

point, fhew the greateft diftance at which they were
rcfpeClively ftruck.

Ball and Point oppofite

the Leyden Phial.

f Electrometer

I. J Ball — —
<J
Point

II.

Ball Pt.

only. only.

3 2 C 3 2 f

3

2

34 s 48^ —
45 C— l88

28

T 8

III.

IV.

V.

VI.

VII.

r e. — — 28 to OO

< B. — — 3°< 43 <

P. — —.

3 8
—

:
E. — — 2 5 "26

f
J B. — — 28 -

36
{

It-
— — 37 t-l

r e. — — 20 '20 '

\
B. — — 28 29 <

P. — —
5 1 —

r
E * — — 16 '16

:

1 B. — — 22 < 20 <

Ip- — —

•

44 w V

fE. — *3 '*3
'

< B. — — 21 < * 4 '

P. — —
3 8

—
:
E. — —1 10 '10

J B. — — 1 2 < 10 <

P. V
— 18

- L

20

64

16

47

*3

3 6

10

25

Apparatus

reverjed.

3 2

34
43

28

3 6

42

25

3 1

3 2

20

29
28

16

1
22

1 24

f

l 3
1 $

10

13
20

B. Pt.

only. only.

3 2

10

J 12 <! —
20

TABLE
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TABLE II.

Experiments with the Chain, after Mr.
Henly’s Manner.

Point and Bali oppofite

the Leyden Phial. Apparatus reverfed.

'EleCtrometer — 21 — f
2 3 1 repeated 23

3 al[ 06 —

4

at differ-
J>
2U

Point — — 24 — ~ [26

J

retimes.
J 30

TABLE III.

The Experiments of the 2d and 3d Table,
REPEATED AT Mr. PaRTINGTON’s, JlTNE 23,

1778, a Brass Chain being made Use of
instead of the Forked Apparatus.

Ball and Point oppofte B. P.
the Leyden Phial. only. only.

Electrometer
I. 4 Ball

Point

E. — —

Apparatus

reverfed.

B. Pi
only. only.

3 2 f 3 2

4© 4 39
3 2

II. 4 B. — —
P. — —
E. — —

III. 4 B. — —
P. — —
E. — —

IV. JB.
P.

' g.

V. 4 B* — —
p. — —

re. — —
VI. 4 B. — —

p. — —
E. — —

VII. B. — _
P. — —
ElcClrometer

Ball —
Point —

76 [

28 r 2 8

33 j 3 6

7 2
l
—

2 s r 26

33 4 33
46 1-
20 r 20

2 1 4 23 <

5® l

7 1

r 28

16

21

55

*3
16 4

44

10

1

1

38

16

l 5

*3

1 1 <

66

26

20

60

16

53

*3

42

10 r 10

9 -
l— 137
21

— 24— 6 4

=• Apparatus reverfed

1 3°

Experiment
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Experiment clvi.— If an interruption is

made in each of two fimilar circuits, which

form communications between the charged fur-

faces of an ele&ric plate, and if the fpace of air

in one of the interruptions is terminated by

points, and in the other by balls, the difcharge

will be made through the circuit of which the

points make a part, although the length of the

interrupted fpace of air is confiderably greater

than that in the other circuit.

Before any difcharge takes place, the two

powders are fufpended on the oppofite furfaces of

the charged electric.

An eleftric plate may bedifcharged two ways,

either filently in fome fenfible portion of time,

or by explofion in an inftant : in either cafe ex-

periments abundantly fhew, that, ceteris
j
paribus*

the difcharge will be made through a pointed

body in preference to a round termination.

When a pointed body is prefented to any

charged furface, a cylindrical plate of air, of

evanefcent diameter, is charged with the con-

trary ele&ricities flrongly attracting each other

through it ; and the quantity of air being fo

fmall, there will be little refinance to their

union; the difcharge will be made by explofion

in preference to the gradual difcharge, according

as the oppofite furfaces (the pointed body and

a the
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the furface oppofed to it) are larger, as they are

nearer each other, and as the charge is greater?

for it will be obferved, that a point, or very fmall

fpherical termination, which is in a phyfical

fenfe a point, will difcharge any quantity of

eledlricity filently and gradually without explo-

fion, while it is at a fufficient diftance from the

oppolite charged furface: by bringing it nearer,

the method of difcharge will be altered ; which

will now be a fucceffion of fmall explofions very

quickly following each other. The reafon of

this feems to be, that when the charged furfaces

are very near, there is not fufticient time for

the contrary powers to unite gradually, nor fuf-

ficient room in which they may be diffufed

among the furrounding air.

This is confirmed by again removing the two

oppofed furfaces to fuch a diftance, that the dif.

charge may be made gradually; in this cafe, if

the parts of the apparatus are fo difpofed, by any

kind of contrivance, that the difcharge muff

neceffarily be made fuddenly, the method of

difcharge will be again altered, becoming now a

fucceffion of explofions, inftead of a gradual cur-

rent between the oppofed furfaces: this fudden-

nefs of the difcharge may be effected by a proper

ufe of interruptions in the circuit ; it may alfo

be caufed by motion ; if either furface be moved

Z brifkly
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briflvl v toward the other, the explosion of the
j

charge will be promoted.

Elevated conductors applied to buildings, a3

a fecuriry from the effeCts of lightning, will con-

tribute to difeharge the eleCtricity from a cloud

that pafles over them and a grcatci quantity of

the difeharge will pafs through a pointed con-

ductor, than through one which is terminated

by a ball ;
but whether the difeharge will be

made by a gradual current, or by explofion, will

depend on the fuddennefs of the difeharge, on

the proximity of the cloud, it s motion, and the

quantity of the electricity contained in it. If a

fmall cloud hangs fufpended under a large cloud

loaded with eleCtric matter, pointed conductors

on a building underneath will receive the dif-

eharge by explofion, in prefeience to thofe ter-

minated by balls, the fmall cloud forming an in-

terruption, which allows only an inltant of time

for the difeharge. If a hngle eleCtric cloud is

driven with confiderable velocity near to a pointed

conductor, the charge may be caufed to explode

upon it by the motion of the charged body. In

other cafes, pointed conductors contribute to

difeharge a * thunder cloud gradually without

explofion.

Mr. Wil fan’s experiments, publifhed in the

Philofophical TranfaCtions 1778, have contri-

buted
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bated greatly to explain the effete of points in

difeharging the eleartc matter.

If a conical pointed body were inferred into a

fimilar hollow cone, formed into an electrified

folid the furfaces of the two cones being equi-

diftant, no greater difeharge of the define,

would follow, than if the two conical furfaces

had been plain, and oppofed to each other at

the fame dillance.

Experiment cLvu.-If two eleftric plates be

charged, and a communication formed between

the pofitive fide of one, and the negative fide of

the other, no difeharge will follow ;
unlefs a

communication be formed between the other

two furfaces at the fame time.

The natural eleBricity in the atmofphere is

frequently difeharged in this manner: Two

clouds being electrified with oppofite powers,

the furfaces of the earth immediately under them

are likewife elearified with powers contrary to

Aofe in the clouds above them ;
and the moifture

of earth forming a communication between the

two contiguous charged furfaces, whenever the

two clouds meet, there will follow a difeharge,

both of the clouds and furfaces on the caith op-

pofed to them. If the earth fliould be dry, and

confequently afford a refiftance to the tu.011
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the two tleclricities accumulated on or under
it's furface, there will follow an explofion in the

earth as well as in the atmofphere, which will

pi od uce concuflions ana other phenomena which
ha\c liequently been obferved to happen in

diy fcaions, particularly in thofe climates which
are the rnolb liable to ftorms of thunder and
lightning.

Observations on the Action of Conductors.

<e Ever flnee the difeovery of the identity of

eleflricity and lightning, it has been allowed

by all parties, that conductors of fome kind are

in a manner neceflary for the fafety of buildings

in thofe countries where thunder ftorms are very

frequent. The principle on which they aft is

this ; that the eleftric fluid, when impelled by
any power, always goes to that place where it

ineets with the leaft reflflance, Now, as metals

are found to give the lead refiflance to it’s

paflage, it will always choofe to run along a

metalline rod, in preference to a paflage of

any other kind. But it is neceflary to obferve

here, that ele&ricity never flrikes a body merely

for the fake of the body itfelf, but as by means
of that body it can arrive at the place of it’s

deflination* When a quantity of eledlricity is

colle&ed

/
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collected from the earth, by means of an eleCtric

machine, a body communicating with the earth

will receive a ffrong fpark from the prime con-

ductor ; it receives this fpark, not becaule it is

capable of containing all the electricity of the

cylinder and conductor, but becaufe the natural

fituation of the fluid being difturbed by the mo-
tion of the machine, a ftream of it is fent off

from the earth. The natural powers, therefore,

make an effort to fupply what is thus drained olf

from the earth; and as the individual quantity

which comes out is mold proper for fupplying

toe deficiency, as not being employed lor any

natural purpofc, there is always an effort made
for returning it to the earth. No fooncr, then,

is- a conducting body, communicating with the

earth, prefented to the prime conductor, than
the whole effort of the electricity is directed

againft that body
; not merely becaufe it is a con-

ductor, but becaufe it leads to the place where
the fluid is directed by the natural powers by
which it is governed, and at which it w ould find
other means to arrive, though that body were
not to be prefented. That this is the cafe, we
may eafily fee, by prefenting the fame conduc-
ting fubffance in an infulated ffate to the prime
conductor of the machine, when we (hall find

only a fmall fpark will be produced. In like

manner.
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manner, when lightning (trikes a tiec, a houfc,

or a thunder-rod, it is nor becaufe thefe objedts

are high, or in the neigbourhood of the cloud,

but becaufe they communicate with fome place

below the furface of the ground, againlt which

the impetus of the lightning is diredted, and at

that place the lightning would certainly arrive,

though none of the above-mentioned objects had

been interpofed.

« When the atmofphere begins to be electri-

fied, either negatively or pofitively, the earth,

by means of the inequality and moifture of it s

furfav M but efpecially by the vegetables which

grow upon it, abforbs that electricity, and quickly

becomes electrified in the fame manner with the

atmofphere ;
this abforption, however, ceafes in

a very fhort time, becaufe it cannot be continued

without fetting in motion the whole of the elec-

tric matter contained in the eaith itfelf. Alter-

nate zones of pofitive and negative electricity

will then begin to take place below the furface

of the earth, for reafons given in the courfe

this Efiay. Between the atmofphere and one o

thefe zones the Broke of lightning will always

be. Thus, fuppofing the atmofphere is pofitively

electrified, the furface of the earth will, by means

of trees, &c. quickly become pofitively elec-

trified alfo, we will fuppofe to the depth of ten
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feet: the eleCtricity cannot penetrate further, oil

account of the refiftance of the eleCtric matter

in the bowels of the earth. At the depth of

ten feet from the furface, a zone of negatively

electrified earth begins, and to this zone the elec-

tricity of the atmofphere is attracted ; but to

this it cannot get, without breaking through the

pofitively electrified zone, which lies uppermoft,

and fhattering to pieces every bad conductor

which lies in it’s way. We are therefore fure,

that in whatever place the outer zone of pofitively

eleCtrified earth is thinneft, there the lightning

will ftrike, whether a conductor happens o be

prefent or not. If there is a conductor, either

with a knob or fharp pointed, the lightning will

infallibly ftrike it : but it would alfo have (truck

a houfe fituated on that fpot without any con-

ductor ; and if the houfe had not been there,

it would have (truck the furface of the ground

itfelf. Again, if we fuppofe the houfe with it's

conductor to (tand on a part of the earth w here

the pofitively electrified zone is very thick, the

conductor will neither filently draw off the elec-

tricity, nor will the lightning itrike it j though,

perhaps, it may (trike a much lower objeCt, or

even the furface of the ground itfelf at no great

diflance; the reafon for which undoubtedly is,

that

/ *
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that there the ppfitively electrified zone is thin-

ner than where the condudor was.

« To fiippofe that a pointed condudor will

exhauft a thunder cloud of it’s eledricity, mud

at firft fight appear trifling, to infill on it, ridi-

culous. Innumerable objeds are all confpiring

to draw oft" the electricity as well as the con-

dudor, if it could be drawn off; but of affeding

this, there is an impoflibility, becaufe they have

the fame kind of eledricity with the clouds them-

felves.

<< Befides, Beccaria has obferved, that during

the progrefs and increale or the fiorm, though

the lightning frequently flruck to the earth, yet

the fame cloud was the next moment ready to

make a greater difeharge, and his apparatus con-

tinued to be as much afreded as ever.

“ The condudor has not even the power of

altrafiing the lightning a few feet out of the

direction it would choofe itfelf: of this we have

a moll decifive inftance in what happened to the

magazine at Purfleet, in Eflex. That houfe was

furnifhed with a condudor, raifed above the

higheft part of the building ;
neverthelefs, a flafh

of lightning flruck an iron cramp in the corner

of the wall of the building, confiderably lower

than the top of the condudor, and only forty-fix

feet in a Hoping line diftant from the point.

“ The
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W The conductor, with all it's power of draw-

ing off the ele&ric matter, was neither able to

prevent the flafh, nor to turn it forty-fix feet

out of it’s way. The matter of fadt is, the light-

ning was determined to enter the earth at the

place where the Board-houfe (lands, or near it

;

the conductor, fixed on the houfe, olleied the

eafiefl communication, but forty-fix feet of air

intervening between the point of the conductor

and the place of the explofion, the refiftance was

lefs through the blunt cramp of iron, and a few

bricks moiftened with the rain to the fide of the

metalline conduBor, than through the forty-fix

feet of air to it’s point, for the former was the

way in which the lightning actually paffed.

“ The zig-zag kind of lightning is the mod

dangerous, becaufe it muft overcome a veiy

violent refiftance of the atmofphere, and where-

ever that refiftance is in the fmalleft degree lelfen-

ed, there it will undoubtedly flrike, and even at

a confiderable diftance. it is otherwife with that

kind that appears in flafhes of no determinate

form ;
the eleBric matter of which is evidently

diftipated in the air by fome conduBing fub-

flances which are prefent there, and they are

therefore rendered lefs powerful.

« The mod deftruftive kind of lightning is

that which aifumes the form of balls. 1 hefe are

A a produced
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produced by an exceeding great power of elec-

tricity, gradually accumulated till the refinance

of the atmofphere is no longer able to confine it.

In general, the lightning breaks out from the

electrified cloud by means ofthe approach of fome
conducing fubfiance; but the fire-balls feem to

be formed not becaufe there is any fubfiance at

hand to attraCt the eleCtric matter from the

cloud, but becaufe the eleCtricity is accumulated

in fuch a quantity that the cloud can no longer

contain it. Hence, fuch balls fly off flowly,

and have no particular deflination
; their ap-

pearance indicates a prodigious commotion and

accumulation of eleCtricity in the atmofphere,

without a proportionable difpofition in the earth

to receive it. This difpofition is however al-

tered by a thoufand circumfiances, and the place

which firfl: becomes moft capable of admitting

eleCtricity will firfl: receive a fire-ball. Hence
this kind ol lightning has been known to move
flowly backwards and forwards in the air for a

confiderable time, and then fuddenly fall in one

or more houfes, according to their being more

or lefs afleCted with an eleCtricity oppofite

to that of the ball at the time. It will alfo run

along the ground, break into feveral parts, and

produce feveral explofions at the fame time.
<f

It is very difficult to imitate this kind of

lightning.
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lightning in our cledtrical experiments. The

only cafes in which it hath been done in any de-

gree, are thofe in which Dr. Prieftlcy made the

explofion of a battery pafs for a confiderable way

over the furface of raw flefh, water, &c. In

thefe cafes, if, while the eledlric flafh pafled over

the furfaces of the flefh, it had been poffible to

interrupt the metallic circuit by taking away the

chain, the eledlric matter difcharged would have

been precifely in the fituation of one ofthe above-

mentioned fire-balls ;
i. e. it would have been

at a lofs for a condudlor. The negative fide of

the battery was the place of it’s deftination, but

to that it could not eafily have got,becaufe of the

great quantity of atmofphere which lay in it’s

way, and the incapacity of the neighbouring

bodies to receive it. But, while the eledlric

matter was thus fiationary for want of a con-

dudlor, if any one Handing near, or touching the

negative fide of the battery, prefented a finger

to this feemingly inoffenfive luminous body, he

would be inftantly firuck very violently, becaufe

a free communication being now made by means

of his body, the powers by which the eledlric

fluid is impelled from one place to another would

urge it upon him. But if we fuppofe a perfon,

who has no communication with the battery, to

prefent his finger to the fame body, he may per-

A a 2 haps
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haps receive a (light (park from it, but not a

(hock of any confequence.

“ We may now account for the feemingly ca-

pricious nature of all kinds of lightning, but

efpecially of that kind which appears in the form

of balls. Sometimes it will ftrike trees, high

houfes, &c. without touching cottages, men,

or animals, who are in the neighbourhood ; in

other inftances, low houfes and cattle have been

(Iruck, while high trees and deeples in the neigh-

bourhood have efcaped .* The reafon of this

is, that in thunder dorms there is a zone of

earth conliderably under the furface, which the

lightning defires to (Irike, (if we may ufe the

exprelfion) bccaufe it has an electricity oppofite

to the lightning itfclf. Thofe objects, therefore,

which form the mofi; perfect conductors be-

tween the electrified clouds and that zone of

earth, will be druck by lightning, whether they

are high or lowr

. Let us fuppofe a pofitively

electrified cloud is formed over a certain part of

the earth’s furface ; the electric matter flows

out from it firft into the atmofphere all round,

and

* Of this two remarkable inftances have been adduced,

in a paper read by Mr. Achard at the Berlin Academy of

Sciences. And Beccaria cautions perfons from depending

on a higher, or, in all cafes, a better conductor than then-

own body.
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and while it is doing fo, the atmofphere is elec-

trified negatively. In proportion, however, as

the current pervades greater and greater por-

tions of the atmofpherical fpace, the refiftancc

to it’s motion increafes, till at lad the air

becomes pofitively electrified as well as the

cloud, and they both aCt as one body. The

furface of the earth then begins to be eleCtrified,

and it filently receives the eleCtric matter by

means of the trees, grafs, &c. which grow upon ,

it’s furface, till at laid it becomes alfo pofitively

electrified, and begins to fend off a current of

deftricity from the furface downwards.

« The caufes which fir ft produced the elec-

tricity ftill continuing to aB, the power of the

electric current becomes inconceivably great.

The danger of the thunder-fiorm now begins;

for, as the force of the lightning is directed

to fome place below the furface of the earth,

it will certainly dart towards that place, and

{hatter every thing to pieces which lefifis it s

paffage.

tc The benefit of conducting rods will now

alfo be evident. For we are fure, the eleCtric

matter will, in all cafes, prefer that way where

it meets with the lealt refifiance, and this is o\et

the furface of metals. In fuch a cafe, therefore,

if there happen to be a houfe furnifhed with a

. conductor
4
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condu&or direflly below the cloud, and at the

fame time a zone of negatively electrified earth

not very far below the foundation of the houfe,

the conductor will almoft certainly be truck,
but the building will be fafe. If the houfe wants
a conductor, the lightning will neverthelefs

trike in the fame place, in order to get at the

electrified zone above-mentioned
; but the build-

ing will be now damaged, becaufe the materials

of it cannot readily conduct the electric fluid.”*

* Sec Encyclopaedia Britannica, Art. Lightning, Vol.
VI. p. 4224.

That the elettric matter, which forms and animates the

thunder-clouds, iffues from places far below the furface of
the earth, and buries itfclf there, is probable from the deep
holes that have been made in many places by lightning, by
the violent inundations that have accompanied thunder-

dorms, not occahoned by rain, but by water burlling from
the bowels of the earth, from which it mud have been dif-

lodged by fome internal concudion, See. See Dr.
Priedley’s Hidory of Eleflricity, p. 328.

C H A P.
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CHAP. X.

To CHARGE A PLATE OF AlR.

/\ ^ is clcdlric, it will receive a charge
like all other electric fubflances. To this

property may be aferibed many of the pheno-
mena which are obferved in the courfe of the
common ele&rical experiments

; for the air

which furrounds an eleftrified non-ekaric is

always in fome degree charged with the fluid,

and thus ads upon the atmofphere of the elec-
trified conduaor, not only by it’s prefliire, but
alfo by it s acquired eledfric powers

; and that
it pervades the air to a confiderable diflancc, is

evident from the different methods by which
the air of a room may be elearified.

Cover two large boards with tin-foil
; fufpend

one by filk firings from the ceiling, and then
connea it with the conduaor

;
place the other

board paiallel to the former, on an infulating

fland that may be eafily raifed or lowered, to re-

gulate the diflance of the plates from each other.
Or place the boards in a vertical fituation, on
infulating (lands of the fame height. In moll
cafes this form will be found the molt con-

venient.
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venient. Thefe boards may be confidered as

the coatings to the plate of air which is between

them.

Experiment clviii.—Connect the upper

board with the politive conductor, and the other

with the ground ;
turn the cylinder, and the

upper one will be electrified pofitively, and the

under one negatively ; the fpace of air between

the two plates ads as a plate of glafs, it feparates

and keeps afunder the two eledric powers.

Touch the negative plate with one hand, and

the upper one with the other, and a Ihock will

be received fimilar to that from the Leyden

phial.

The eledric (hock will always be felt when-

ever a quantity of the fluid palfes through any

body in an inftantaneous manner, and the force

of the fhock will be proportional to the quan-

tity of eledricity accumulated, and the eafe with

which it can cfcape ;
for the whole energy of the

eledricity depends on it’s tenfion, or the force

with which it endeavours to fly oil from the

eledrified body.

The two plates, when in contrary flates,

flrongly attrad each other, and will come to-

gether, if they are not kept afunder by force.

A fpark will fometimes pafs between the plates,

and
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and deftroy the eledtricity of each. If an emi-

nence is placed on the under plate, the fpark,

in the fpontaneous difcharge, will ftrike it.

The experiments with thefe boards will be more

pleaflng, if one furface of the upper board is co-

vered with gilt leather. The two plates, when

charged, are fuppofed to reprefent the ftate of

the earth and the clouds in a thunder ftorm.

The clouds being in one date, and the earth in

an oppofite one, while the plate of air adts as the

cledtric, and the fpontaneous difcharges exhibit

the phaenomena of lightning.

An obfervation has been made on this expe-

riment, which feems to affedt one of the prin-

cipal fupports of the received theory. I have

fubjoined it, in order to invite thofe who are

converfant with eledlricity to a clofer invefli-

gation of the fubjedf.

In this experiment it feems impoflible to de-

ny, that air is penetrated by the eledtric fluid.

The diftance between the plates is fo fmall,

that it mull appear abfurd to fay, that this fpace

is penetrated only by a repulfive power, when

in other cafes we fee the fluid pervading much

greater fpaces of air. But if one eledtric fub-

ftance is penetrable by the eledtric fluid, we muft

be led ftrongly to fufpedt at lead that all the

reft are fo too. If glafs was altogether impene-

B b - trable
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trable to the fluid, it is natural to think that it

would run over it’s furface very eaflly. But in-

ftead of this, fo great is it’s propenflty to enter,

that a fhock fent through between two glafs

plates, if they are prefled pretty clofe together,

always breaks them to pieces, and even reduces

part of them to a powder like fand. This laft

effedt cannot be attributed to any other than the

eledtric fluid entering the pores of the glafs, and

meeting with reflftancc, the impetus of it’s pro-

grefiive motion violently forces the vitreous par-

ticles afunder in all directions.

Experiment clix.—Turn that fide of the

upper board, on which the gilt leather is pafied

towards the lower one
;
place one or two fmali

metal hemifpheres on the lower board ;
connect

the upper board with the pofitive conductor, and

the lower one with that which is negative, put

the machine in adtion, and the upper board will

difeharge the whole of it’s contents on one of

the hemifpheres in a ftrong flafh, attended with

a fmart explofion ; vivid corufcations of electi ic

light will be feen darting in various directions

on the furface of the gilt leather. This experi-

ment, fays Mr. Beckct, is more than a refem-

blance of lightning, it is nature inverted with

her own attire.

Connect
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Connect a coated phial with the pofitive con-

ductor, fo that it may be difcharged with the

boards, and the flafhes of light will extend fur-

ther, and the explofion will be louder.

Experiment clx.

—

Place the wire, fig. io,

with the feathers tied to it in the middle of one

of thefe large boards, their divergence will not

be near fo much in this fituation, as when they

are at the edge of the board. If a piece of down

or a feather is placed near the edge of the board,

it will fly off to the ncarefl non-ele&rified body

;

but, if it is placed in the middle, it will be a

confidcrable time before it will move, and it

will fcarcely fhew any figns of attraction.

Experiment clxi.—Place bran, or fmall

pieces of paper, near the center of the lower

board ; when the machine is put in action, thefe

will be alternately attra&ed and repelled with

great rapidity, and agitated in an amazing man-

ner. A pleafing variation is made in this ex-

periment by taking off the chain from the lower

board, and now and then touching it with the

hand ;
touch both boards at the fame time, and

the motion ceafes. But the moft furprizing ap-

pearance in this experiment is, that fomedmes,

when the electricity is Prong, a quantity of pa-

B b 2 per
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per or bran will accumulate in one place, and

form a kind of column between the boards, it

will fuddenly acquire a fwift horizontal motion,

moving like a whirling pillar to the edge of the

boards, and from thence fly off, and be fcattered

about the room to a confiderable diftance.

Experiment clxii.—Take two phials, the

one charged pofitively, the other negatively,

place them on the infulated board, but as far

from each other as the board will permit ; infert

a range of candles in a piece of wood, about two

inches diftance from each other, fo that the

flame of each may be exactly parallel; when

thefe candles are quickly introduced between

the knobs of the phials, the fpark will be feen to

dart through all of them, and will have the ap-

pearance of a line of fire, variegated in a thoufand

different curves.

CHAP,
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CHAP. XI.

Of the Elect rophorus.

IG. 73 reprefents an cledtrophorus. This

inflrument was invented by Mr. Volta, of

Coma in Italy.’
16

It confifts of two plates of

a circular form, the under plate is of brafs

covered over with a ftratum of an ele&rical fub-

ftance, generally of fome negative electric, as

wax, fulphur, &c. the upper plate is of brafs,

with a glafs handle fcrewed on the center of it's

upper furface.

Refinous electrics generally fucceed better for

an ele&rophorus, than thofe made only of glafs,

not only as they are lefs affected by the humidity

of the air, but as they feem to have the power of

retaining longer the electricity which is com-

municated to them.

To ufe this apparatus, firft excite the under

plate c, by rubbing it’s coated fide with a piece

of clean dry flannel, or hare-fkin ; when this

plate is well excited, it is to be laid on the table

* Mr, Wilck, in Auguft, 1762, contrived a refinous ap-

paratus, to which he gave the name of a perpetual ele&ro-

phprus. See Scripta Academise Suec, 1762.

with
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with the electric uppermoft. Secondly, place

the metal plate upon the electric, as in fig. 74

and 75. Thirdly, touch the metal plate with

the finger, or any other conductor. Fourthly,

feparate the metal plate from the eledtric by the

glafs handle. This plate, when raifed to fome

diftance from the under one, will be found

ftrongly electrified with the power which is con-

trary to that of the eledtric plate, and will give

a fpark to any conductor that is brought near

it. By repeating this operation, i, e. by fetting

the metal plate on the eledtric, and then touch-

ing it with the finger, a great number of fparks

may be fucceffively obtained without a frefh ex-

citation of the eledtric.

The following experiments, which were made

with a view to analyfe this curious little in-

ftrument, are extradted from a paper of Mr.

Achard’s, in the Memoirs de 1’Academie Royale

de Berlin for 1776.

Experiment clxiii.—Mr. Achard placed

horizontally a circular plate of glafs, which was

about two tenths of an inch in thicknefs, and

one foot in diameter, on a tin plate, which only

touched the glafs in a few places ; having ex-

cited the upper furface of the glafs, it produced

all the effedts of the electrophorus ; from whence

. he
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he infers, that it is not necefTary that the inferior

metallic plate fhould touch exadly in all it’s fur-

face the eledric coating.

Experiment clxiv.

—

He infulated, in an ho-

rizontal pofition, a plate of glafs of one foot

diameter, he excited this, and then applied the

upper plate in the ufual manner, and obtained

a fucceffive number of weak fparks
; but in or-

der to procure them, he was obliged to let the

finger remain fome time on the upper plate. If,

inftead of infulating the plate of glafs by glafs,

he infulated it by wax or pitch, he conftantly

found that the fparks were ffronger. From this

experiment he concludes, that the inferior plate

is not necelfary to the produdion of the effeds

obferved in this inftrument, and that when de-

prived of it, it retains all it’s properties.

Experiment clxv.

—

Having excited the up-

per furface of an eledrophorus of wTax, he placed

the upper plate on it, and after fome time lifted

it off by it’s infulating handle, without previoufly

touching it with the finger ; it gave no fpark,

and was not pofTeffed of the lead power of

attradion and repulfion ; which proves, that the

eledrophorus cannot render the upper plate

eledric, unlefs it is touched by a body which

4 AS
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is capable of giving or taking electricity from

it.

Experiment clxvi.—Place the upper plate

on an excited eledtrophorus, bringing a finger

near the upper plate, and a {park will pafs be-

tween them. Now as the electric fluid never

appears as a fpark, except when it pafles with

rapidity from one body to another, and as the

upper plate exhibits no electric appearance, if it

has not been previoufly touched by a condu&or,

we may conclude, that the eledtrophorus only

renders the upper plate electric when it has re-

ceived or loft a quantity of electricity.

Experiment clxvii.—Place one of the fmall

brafs conductors with it's pith balls on the up-

per plate, and then put them both on the elec—

trophorus, the balls will immediately feparate a

little ;
touch the upper plate with the finger, and

the divergence ceafes ;
but on lifting this plate

from the electrophorus by it’s glafs handle, the

balls diverge with great force, forming a very

large angle ;
on taking a fpark from the plate

they immediately clofe. The fepaiation ot the

balls {hews clearly, that the upper plate either

abforbs a quantity of electricity, or imparts a

portion of it’s natural (hare to the under one;
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it aifo fhews, that t.hc former, as foon as it is laid

oil the eleftrophorus, acquires a fmall degree of

ele&ricity, which it lofes on being touched with

the finger ; but it again becomes ele&rical when

it is feparatcd from the eleftrophorus.

Experiment clxviii.—Infulate an elecfro-

phorus, and fufpenda pith ball by a linen thread,

in fuch a manner that it may be about one quar-

ter of an inch from a piece of metal which is

connefted with the bottom plate ; the ball does

not move when the upper plate is laid on the

cleftrophorus, but when this is touched by the

finger the ball is attracted. As foon as the upper
plate is taken off, the inferior metallic coating

attrafts the ball, but quits it if the coating is

touched by the finger. It is alfo attrafted if the

upper plate is put on before the fpark has been
taken from it, though it lads longer and is

Iflonger if the fpark is taken before it is placed

on the eleftrophorus.

Experiment clxix.-— Eleftrify the tinder fide

of the eleftrophorus, by connefting the under
plate with the conduftor of a machine; the up-
per plate will give ftrong fparks to the hand, or

any other non-eleftric. Touch the upper plate

with one hand, and the under one with the other,

C c a fliock
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a fhock will be received. The fame effedf is

produced, if the upper plate is eledtriiied by the

machine. See fig. 74.

Experiment clxx.—Infulate an eledlropha-

rus which is not excited, and place the upper

plate upon it, then eledtrify the under plate by

2 chain from the prime conductor ; take a fpark

from the chain, and the eledtrophorus acquires

all the properties which are given to it by exciting

the upper furface.

Experiment clxxi.—Connect the upper plate

by a chain with the prime conductor, and elec-'

trify it ; then take a fpark from the chain, and

the eledtrophorus will acquire, as before, the

fame powers which it gains when the upper

furface is rubbed.

Experiment clxxii.-—The fame effedt is pro-

duced by placing a Leyden phial on the upper

plate ofan unexcited eledtrophorus, then charging

and difcharging it on the plate.

From the three laft experiments we learn, that

the eledtrophorus may be put in adtion by com-

munication, as well as by fridtion.

Experiment clxxiii.—Mr. Achard placed

the upper plate on an excited eledtrophorus,

a cube
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a cube of metal, furnifhed with a glafs handle,

on this plate ; on taking the cube by it’s handle

from the upper plate* without previoufly touch-

ing it, it attracted a light ball. On repeating

this experiment, and touching the upper plate

before the cube was taken off, it did not appear

in the leaft eleCtrical.

Experiment clxxiv.—By examining the

eleCtrophorus with fmall pith balls, we find,

1. That as foon as the upper plate is placed

on an eleCtrophorus of wax, it acquires a weak

politive ele&ricity ; and the contrary, if placed

on an eleCtrophorus of glafs.

2. That when the upper plate is touched by

the finger, it lofesall it’s electricity.

3. When the upper plate is touched by the

finger, and removed from the eleCtrophorus, it

acquires a ftrong negative ele&ricity, if the elec-

trophorus is of glafs
; and a pofitive electricity,

if it is of wax.

The eleCtrophorus may be confidered as

formed of feveral horizontal firata ; fo that when

the upper one is- excited, either by friCtion or

communication, it is infulated by the inferior

firata. Now all infulated eleCtrics preferve their

deCtricity a confiderable time, and it is from that

C c 2 caufe
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caufe that the electricity of the electrophone

continues fo long.

Infulated and excited glafs induces the negative

electricity on bodies brought within the fphere

of it’s adtion, while negative eleCtrics, in fimilar

circumftances, produce the pofitive ekCtricity.

Therefore the furfaceofthe eleCtrophorus ought

to communicate immediately a pofitive electri-

city, if it is of wax ;
the negative, if it is made of

glafs; which is perfectly conformable to experi-

ments. But when the upper plate is touched

by the finger, the upper furface of the eleCtro-

phorus ceafes to be infulated, and gives the

negative eleCtricity to the upper plate, if it is of

glafs, and the contrary, if of wax, agreeable to

the different experiments which are defcribcd in

Chap. IV.

EleCtric bodies do not put the fluid in that

degree of motion, which is neceflary to produce

the fpark, or exhibit the phenomena ofattraction

and repulfion, while they are in contaCt with con-

ducting fubftances, which is the reafon why the

upper plate exhibits no figns of eleCtricity while

it remains in contact with the under one, though

they become fenfible the inftant it is removed

from it.

As the theory of this inflrument has boen

deemed
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deemed very intricate, I have fubjoincd another

explanation of it, which is given by the editors

of the Monthly Review.

« Therefore, (in the cafe of a glafs ele&ro-

phorus) as it is a cafe which admits of a fomewhat

eafier illuftration, the excited plate a&s upon

the ele&ric matter naturally contained in the

upper brafs plate, fo as to repel a part of it’s

natural quantity from it in form of a fpark, at

that part where the finger is applied to it. If the

brafs plate in this Rate is lifted up by it’s handle,

it will receive a fpark from the finger. On
being replaced, and the fame operation taking

place, the fame refult will be obtained ; which

may be continued for a great length of time,

without diminifhing the virtue of the excited

electric, which in fact does not part with any

of it’s own electricity, but only repels a pair

ofwhat is in the upper plate, which is repeatedly

reftored to it from the earth by the perfon who

makes the experiment.”

Experiment cixxv.

—

Place a piece of metal

on an excited electrophorus, it may be of any

fhape ; a pair of triangular compaffes are very

convenient for this purpofe. Electrify the piece

of metal with the power which is contrary to that

oftheelectrophorus, and then remove it by means

of
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of fome electric, and afterwards fift upon the

eledtrophorus fome finely powdered reiin, which

will form on it’s furface curious radiated figures.

When the plate is negative, and the piece of

metal pofitive, the powder forms itfelf principally

about thofe parts where the metal was placed ;

but if the plate is pofitive, and the fpark is nega-

tive, the part where the metal touched will be

free from powder, and the other parts more

covered.

Experiment clxxvi.—To recover the force of

an eledtrophorus by itfelf. Place the metallic cover

on the refinous cake, touch it as ufual ; then take

it up, and difcharge it on the knob of a Leyden

phial ; repeat this Operation feveral times, and

then place the bottle on the cake, and move it

over it’s furface, holding the bottle by the knob ;

this will augment the force of the eledtrophorus,

and by reiterating the operation it will become

very powerful.

Experiment clxxvii.—Infulate a metal quart

mug, and fufpend a pair of fmall pith balls by

filk, fo that the whole of the electrometer may
be within the mug, eledtrify the mug, and the

eledtrometer will not be in the leaft affedted . The

fimilar atmofpheres counteradt each other 5 and

as
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as no contrary power can take place in the elec-

trometer, it will remain unele&rified. Touch
the mug with fome conducing fubftance, and it

will immediately attract the balls.

Experiment CLxxviii.-^-Sufpend a fmall cy-
linder of gilt paper by tin-foil, and then touch

the electrified and infulated mug with it, a fpark

will pafs between them, and the eledlricity will

be diffufed in each in proportion to their capacity.

Now plunge the infulated cylinder to the bottom
of the mug, and it will reftore to it the electri-

city it had received, but does not give the leaft

•%n of electricity when taken out.

Experiment clxxix.

—

ConneCt a pair of pith

balls with an infulated metal veflel, in which a
metal chain is placed, raife the chain by means
of a lilk thread, and the divergence of the balls

will diminifh in proportion as the chain is raifed

and difplayed
; (hewing, that the eleCtricity is

rarined, and it s denfity is diminifhed, in pro-
poition as it fpreads itfelf from the furface of the
veflel on the extended chain ; which is confirmed
by the balls diverging again when the chain is let

down into the vefTel. This experiment affords an
cafy folution for many of the phenomena of
atmofpheric eleClricity, as why the vapour of
electrified water gives fuch fmall figns of eleCtri-

6 city.
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city, and why the electricity of a cloud is in-

creafed by being compreffed or condenfcd.

Experiment clxxx.*—Excite a flip of white

flannel, or a filk ribbon, and take as many fparks

from it as it will give ; then double or roll it up,

and the contracted flannel will be ftrongly elec-

trical, give fparks, and throw out brulhes of

light.

Of the Advantages which may be derived

FROM AN IMPERFECT INSULATION, AND OF

RENDERING VERY SENSIBLE VERY SMALL

Degrees of Natural and Artificial

Electricity, by Mr. Volta.

A conductor, properly conflructed for making

obfervations on atmofpherical electricity, will

feldom affect the moft fenflble electrometer when

the fky is free from electrical clouds ; but by

means of the apparatus now to be defcribed, it

will appear, that thefe conductors are always elec-

trical, and confequently the air which furrounds

them muff: be at all times electrified. This

method not only determines the exiftence, but

alfo the quality of the electricity, whether

pofitive or negative, and that, even when the

conductor will not attract the find! thread; but

if
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if a very fmall attraction is vifible in the conduct-

tor, then the apparatus will give long fparks.

The electrophorus ufed for this purpofe may
with propriety be termed a micro-electrometer,

or condenfer of electricity.

Whenever the atmofpherical conductor gives

fufficient figns of electricity, then the condenfing

apparatus becomes ufelefs. For when the elec-

tricity is ftrong, it often happens that part of the

electricity of the metal plate is impreffed upon
the other, in which cafe the apparatus acts as an

clectrophorus, and becomes unfit forour purpofe*

The apparatus adapted for this purpofe con-
fids of the upper plate of an eletrophorus, and
a femi-electric, or an iinperfet conducting plane,

which will only hinder in a certain degree the
paffage of the fluid. Many conductors of this

kind may be formed; fuch as a clean dry marble
flab, a plate of w:ood, covered with a coat of
varnifh, &c. the furface of thofe bodies not
contracting electricity, or ifany fhould adhere to

them, it foon vanities, on account of their femi-
conducting nature ; for which reafon they cannot
anAver the end of an electrophorus, but are fit to
be ufed as coridenfers of electricity.

Care fhould be taken however in choofing
tnis plane, that it be not of too free a conduct-
ing nature, nor likely to become fo by ufe, it

^ d being
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being abfolutely neceftary that the ele&ricity

fhould find a confiderable refiftance in pervading

it’s furface. In preparing fuch a plane, by drying,

or othervvife, it is much better to come too near

than too far from a non-condu&or. A marble

flab or board, properly dried, anfwers well, and

is preferable to any other plane; otherwife the

plate of the ele&rophorus is preferable to all

bodies unprepared.

The word fort of marble, ifcoated with copal,

amber, or lac-varnifh, and then kept in an oven

for a fhort time, will anfwer very well, even

without previoufly warming for the experiment.

This, in fact, it may be faid, is returning to

the ele&rophorus : as marble, wood, &c. varnifh-

ed, if they are hot, may be excited by a very

flight frieflion, and fometimes by only laying the

metal plate on them ; to prevent which, they

Ihould be ufed without warming.

The advantages plates of this kind have ovcf

the common ele&rophorus are, i. That the

varnifli is always thinner than the common refi—

nous ftratum of an ele&rophorus ; and 2 . That

the varnifh acquires a fmoother and plainer fur-

face : hence the metal plate can with more

advantage be adapted to it.

Any fort ofplane, covered with dry and clean

oil-cloth, or ) ilc d-filk, or fattin, and any other

filk
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9

frik fluff that is not very thick, may be ufed with

equal advantage, if it is (lightly warmed. Silk

(tuffs anfwer better for this purpofe than thofc

made of cotton or wool, and both better than

linen. Paper, leather, wood, ivory, bone, and

every other fort of imperfect conductors, may be

made to anfwer to a certain degree, if they are

previoufly dried, and kept hot during the expe-

riment.

This apparatus is rendered more Ample by

applying the filk, &c. to the upper plate of

metal, which is fixed to the glafs handle, inflead

of the marble or other plate, which now becomes

ufelefs
; for in it’s ffead, a plane of any kind

may be ufed, as a common wooden or marble

table, even not very dry
; a piece of metal, a

book, or any other conductor with a flat furface.

Nothing more is requilite in thefe experi-

ments, than that the electricity, which tends to

pafs from one furface to the other, fliould meet

with fome rcfiflance or oppofition in one of the

furfaces, as will be evident in the lecond part.

It is immaterial whether the non-conducting

or femi-conducting flratum be laid upon one or

the other of thofe planes
; all thac is neceffary is,

that they fliould coincide together, w hich renders

it proper to ufe two planes that have been ground
together, and one of them varnifhed. A finglc

D d 2 metal
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metal plate, covered with (ilk, with three filk

ftrings ftiftened to it by way of handle, may be

conveniently ufed for ordinary experiments.

To ufe the apparatus, the upper metal plate

muft be placed upon the unelectrifted plate and

in perfect contaCt with it.

The plates being thus placed, let a wire, com-

municating with the condu&or, be brought to

touch the metal plate of the cleCtrophorus, and

that only.

The apparatus being left in that fituation a

certain time, will acquire a fufficient quantity

of electricity, but very (lowly.

Remove the communicating wire from the

metal plate, and, by means of it’s infulated han-

dle, feparate it from the under one ; it will now

attraCt a thread, elcCtrify an electrometer, and,

if it is ftrong, will give fparks, &c. though the

atmofpherical conductor (hewed no, or only

fmal 1, fignsofit.

It is not eafy to determine the exaCt time

necefiary for this apparatus to remain in contaff

with the conductor, as it will depend on many

circumftances ;
for, if there are no figns oi

eleCtricity in the conductor, it will require eight

or ten minutes, but if it attracts a line thread, as

many feconds will be found fufficient.

It is difficult alfo to determine the precifc

6 degree



Electricity. 221

degree to which the electricity may be condenfed
or how much the electrical phenomena may be
increafed by this apparatus, as it depends on
various circumftances. The augmentation is,

however, greater in proportion as the body which
fupplies the metal plate has a greater capacity,

and is larger in proportion as the electricity is

weaker. Thus, though the atmofpherical con-
ductor has fcarcely power fufficient to attract a
fine thread, it is neverthelefs capable of giving
luch a quantity of electricity to the metal plate
oi tnc elcctiophoi us, as not only to actuate an
electrometer, but even dart ftrong fparks. But
if the electricity of the atmofpherical conductor
is ftrong enough to afford fparks, or to raife the
index of the eleCliomcter to ^ or 6 degrees, then
the receiving plate ofthe elearophorus, according
to this method, will raife it s index to the higheft
degree and give a flronger fpark

5 yet it may be
plainly perceived, that the condemnation is pro-
portionably lefs in this than in the other cafe

;

for this reafon the electricity cannot be accumulated
beyond the greateft degree,- that is to fay, when
it is increafed fo much as to be diffipated ever/
way : Therefore, as the ele&ric power, which
fupplies the condenfer, is neareft to the higheft
degree, the condenfation is proportionably lefs ;

but in this cafe the condenfer is ufclefs; it’s

principal
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principal life being to collect and render fenliblc

that fmall quantity of ele&ricity, which would

otherwife remain imperceptible and unobferved.

Hitherto we have adapted our condenfer to

the detecting weak atmofpherical ele&ricity, as

brought down by the conductor ; but this, though

the principal, is not the only ufe to which it

may be applied. It will likewife difeover artifi-

cial eleCtricity, when it is fo weak as not to be

difcoverable by any other means.

A Leyden phial charged, and then difeharged

by touching it’s coated Tides with the difeharg-

ing rod or the hand, appears to be quite depriv-

ed of it’s ele&ricity ;
yet if you touch the knob

of it with the metal plate of the condenfer,

(fituated upon an imperfeCt conducting plane)

and immediately take up the plate, it will be

found to give very confpicuous ligns of eleCtricity.

But if juft fuflicient charge is left in the phial

to attract a fine thread, and the metal plate is

then brought to touch the knob for a moment,

it will, when lifted up, give a ftrong (park, and

if touched again, a fecond fcarce fmaller than

the former ;
and thus fpark after fpark may be

obtained for a long time.

This method of producing fpark s, by means

of a phial which is not charged fo high as to

give fparks of itfclf, is very convenient for vari-

ous
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©us pleafing experiments
; as to fire or light the

inflammable air-piftol, or lamp
; efpecially when

a perfon is provided with one of tnofe phials

contrived by Mr. Cavallo, which, when charged,

may be carried in the pocket a long time. Thefe

phials, as they retain a fcnfible charge for feveral

days, will retain an infenfible one for weeks
and months

; or, fuch a one as cannot eafily be
difeovered without the condenfer, in which cafe

it becomes more than fenfible, and fufficient for

the experiments of the inflammable air-piftol, &c.
Secondly. If you have an elertrical machine

fo far out of order that it’s conductor will not
give a fpark, nor attraCt a thread, then let this

conductor touch the metal plate ofthe condenfer,

and continue in that fituation a few minutes, (the

machine being Hill in motion) lift up the metal
plate, and you will obtain from it a ftrong fpark.

Thirdly. If the electrical machine arts well,

but the conductor is fo badly infulated that it

will not give a fpark, either from it’s being con-
nected with the walls of the room, or by having
a chain fiom it to the table, let the conductor in

this hate touch the metal plate of the condenfer.

while the machine is in artion, the plate will

afterwards give fufficient ftrong figns ofelectricity

;

which proves the great power this apparatus has
oi drawing and condenfing the electricity.

Fourthly.
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Fourthly. Where the electrometers aie not

fufficiently fenfible to difcover the quantities ol

excited eleCtricity, thofe quantities may be readily

explored by the condenfer. For this purpofe,

rub thofe bodies with the metal plate of the

condenfer,3

!
which for this purpofe muft be naked,

and if the plate be then prefented to an electro-

meter, it will be found confiderably eleCtrified,

although the body rubbed may have acquired

little or no eleCtricity. The quality, whether

pofitive or negative, may eafily be afcertained,

lince the eleCtricity of the metal plate mud be

the contrary of that body on which it was rubbed.

Mr. Cavallo made ufe of this method to difcover

the eleCtricity of many bodies. But dill a better

method may be ufed, in cafe the bodies to be

examined cannot eafily be adapted to the metal

plate, viz. The metal plate being laid on the

impcrfeCt conducting plane, the body to be tried

is rubbed againd, or repeatedly droaked upon it,

which- done, the plate is taken up and examined

by an electrometer. If the body tried is leather,

a dring, cloth, velvet, or other impcrfeCt con-

ductor of the like fort, the plate will certainly be

found eleCtrified, and incomparably more by this

means than if it were droaked by the fame bodies,

whild danding infulated in the air. In fhort, by

cither of thofe methods you will obtain eleCtricity

from
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from bodies which could hardly be expeded to
give any, even when they are not very dry.

Indeed, coals and metals excepted, every other
body will afford Tome eledricity. Eledricity
may often be obtained by ffroaking the plate with
the naked hand.

dhe metal plate has a much greater power
to retain eledricity when it lies upon a proper
plane, as mentioned in the foregoing experiments,
than when quite iqfulated.

It is eafy to comprehend, that where the ca-
pacity of holding eledricity is greateft, there
the intenfity of the eledricity is proportionably
Ids, for it will then require a greater quantity to
raife it to a given degree of intenfity

; fo that the
capacity is inverfely as the intenfity

; by which we
mean, that endeavour, by which the eledricity
cl an eledrified body tends to efcape from all
paits of it

; to which tendency or endeavour, the
clediical phenomena of attradion and repulfion,
and efpecially the degree of elevation of an
eledrometer, correfpond.

That the intenfity ofeledricity muff be inverfely
proportioned to the capacity of the body eledri-
bed, will be clearly exemplified by the following
experiment. ®

Ec Experiment
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Experiment clxxxi.—Take two metal rods

of equal diameter, the one a foot, the other five

feet long ;
let the firfi be electrified till the index

of the electrometer rifes to 6o°, then let it touch

the other rod ;
and in that cafe it is evident, that

the intenfity of the electricity being diffufed be-

tween the two rods, will be diminifhed as the

capacity is increafed ;
fo that the index oi the

electrometer, which before was elevated to 60 ,

will now fall to i o°, viz. to one fixth of the for-

mer intenfity. For the fame reafon, if the like

quantity of eleCtricity was communicated to a rod

60 feet long, it’s intenfity would be diminifhed

to one degree ;
and on the contrary, if the elec-

tricity of the long conductor was contracted into

the 6oth part of that capacity, it’s intenfity

would be increafed to’6o.

Conductors of different bulk have not only

different capacities for holding ele&ricity, but

alfo the capacity of the fame conductor is in-

creafed and diminifhed in proportion as it’s fur-

face is enlarged and contracted ;
as is fhewn in

Dr. Franklin’s experiment of the can and chain,

&x. from which it has been concluded, that the

capacity of conductors is in proportion to theii

fui face, and not to their quantity of matter.

This contlufion is true, but does not com-

prehend the whole theory, fince even the exten-
1

fion
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flon contributes to increafe the capacity. In fhort,

it appears from ail the experiments hitherto

made, that the capacity of conductors is not in

proportion to the furfaces in general, but to the

furfaces which are free, or uninfluenced by fimi-

iar or homologous atmofpheres
j and further,

that the capacity of a conductor, neither altered

in it's form orfurface, is increafed, when, inftead

of remaining quite infulated, it is prefented to

another not infulated ; and this increafe is more

confpicuous, as the furfaces of the conductors are

larger, and approach nearer to each other.

The above-mentioned circumflances, by which

the natural capacity of conductors is greatly aug-

mented, has been overlooked, and therefore no

advantage has hitherto been deduced from it.

The following experiment will fhew this increafed

capacity in the fimpleft manner.

Experiment clxxxii.

—

Take the metal plate

of an electrophorus, hold it by it’s handle in the

air, and electrify it fo, that the index of an elec-

trometer annexed to it may be elevated to 6o°,

then lower the plate by degrees to a table, or

other plain conducting furface, the index will

gradually fall from 6o°, to 50°, 40°, 30°, &c.

and yet the quantity of electricity in the plate

remains the fame, except it is brought fo near the

Ec 2 table
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table as to occafion a tranfmiffion of the eleBrb

city from the former to the latter ; at leaft, it will:

remain as near the lame, as the dampnefs of the

air, &c. will permit. The decreafe of intenfity

is owing to the increafed capacity of the plate,

which is now not infulated, or Solitary

>

but con-±

jugate,
or communicating with another conduc-

tor : for let the plate be gradually removed from

the table, the ele&rometer will rife again to it’s

former ftation, namely, to 6o° ;
excepting the

lofs that the air, &c. may have occafioned during

the experiment.

The reafon of this phenomenon is ea-fily deri-

ved from the addon of eledtric atmofpheres. The

atmofphere of the metal plate, which for the

prefent I fhall fuppofe eledtrified pofitively, acts

upon the table, or other conductor, to which it

is prefented ;
fo that the eledric fluid in the table

retiring to the remoter parts of it, becomes more

rare in thofe parts which arc expofed to the metal

plate, and this rarefaction incrcafes the nearer the

eledtrified metal is brought to the table ; if the

metal plate is electrified negatively, the contrary

effects take place. In fhort, the pait-s which aie

immerfed in the fphere oi action ot the electrified

plate, by contraBing a contrary electricity, gbe

the eleClricity of the metal plate an opportunity

to expand itfelf, and will thus diminiih it’s inten-
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fity, as is /hewn by the depreflion of the electro-
meter.

Ihe two following experiments will throw
more light upon the reciprocal adion of the elec-
tric atmofpheres.

Experiment cIxxxiii.

—

Eledrify two flat

conductors, cither both pofitivcly or negatively,
then bring them gradually towards each other,'

and it will appear, by two annexed eleBrometers"
that the nearer they approach each other, the
more their denlities will increafe, as all elafiic

bodies re-ad in proportion as they are aded on ;

which fhews^, that either of the two conjugate pow-
ers has a much lefs capacity to receive more fluid
now, than when fingly infulated,. and out of the
influence ot the other. This experiment explains,
why the tenfion of the eleBric atmofphere on an
eledrified condudor is greater when it is contrac-
ted into a fmaller bulk < and alfo, why a long
extended condudof will fhew lefs irtfienfity than
a more compad one, fuppoflng their quantity of
furface and eledricity to be the fame ; becaufe the
homologous atmofpheres of their parts interfere

lefs with each other in the former than in the
latter cafe, and of courfe, as their adion is lefs,

the re-aBion is alfo lefs.

Experiment
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Experiment clxxxiv.—Electrify one of thefe

flat conduftors pofitively, the other negatively,

and the effects will then be juft the reverie of the

preceding, viz. the intenfity of their electricities

will be diminifhed, becaule their capacities, oi

their power and facility of expanding, are in-

creafed the nearer the conductors come to each

other.

Apply the explanation of this laft experiment

to that mentioned before, viz. the bringing the

cle&rified metal plate towards a conduaing plane,

which is not infulatcd ;
for, as this plane acquire^

a contrary electricity, it follows, that the intenlity

of elearicity in the metal plate mull be dimU

nilhed, and the annexed electrometer is depreffed

according as the capacity of the plate is increafed,

or as the denfity of it’s atmofphere is diminilhed;

and confequently the plate in that fituation is

capable of receiving a greater quantity of elec-

tricity.
, , ff

This will be rendered Hill clearer by the to -

lowing experiment.

Experiment clxxxv.—Infulatc the conduc-

ting plane whilft the other cleCtrified plate is

upon it, and afterwards feparating them, both

the metal plate and conduaing plane, which may

be called the inferior plane, will be found ele&ri-

hedy
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fed, butpoffeffed of contrary electricities, as may
be afeertained by electrometers.

’ ^

If the inferior plane is infulated firft, and then
tne elettnfied plate is brought over it, then the
latter will caufe an endeavour in the former to
acquire a contrary electricity, which the infulation
prevents from taking place; hence the intenfity
P the electricity of the plate is not diminifhed
at leaft the electrometer will Ihew a very little’
and almolt imperceptible depreffion, which fmall
depreffion is owing to the imperfedion of the
inhibition of the inferior plane, and to the fmall
raiefaCtion and condenfation of the eleCtric fluid
which may take place indifferent parts of the faid
inferior plane. But if, in this fixation, the infe-
rior plane be touched fo as to cut off the infula-
tion for a moment, then it will acquire the
contrary electricity, and the intenfity in the
metal plate will be diminifhed.

If the inferior plate, inftead of being infu-
ated, were itftlf a non-conduCling fubftance,
tnen the fame phenomena would happen viz
tne intenfity of the electrified metal plate’ laid
upon it would not be diminifhed. This, how-
ever, is not always the cafe, for if the faid infe-

iaidZ
n-CmdU

?7 PlanC is Very thi ", and ^

lleCt r / ^ 'hen the intenfity of the
nfied mctaI PIate will be diminifhed, and
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it's capacity will be increafcd by being laid upon

the thin infulating ftratum : as in that cafe, the

conducing fubftance, which Hands under the

non-concluding ftratum, acquiring an electricity

contrary to that of the metal plate, will dimimfli

it’s intenfity, &c. and then the infulating ftratum

will only diminilh the mutual action of the two

atmofpheres more or lefs, according as it keeps

them at greater or fmaller diftances from each

other. r . ,

The intenfity or eledtric adion of the metal

plate, which diminilhes gradually as it is brought

nearer and nearer to a conduaing plane not imu-

lated, becomes almoft nothing when the plate

is nearly in contact with the plane, the compen-

fation or natural baliance being nearly perfect

Hence, if the inferior plane only oppofes a lma

refiftance to the paffage of the electricity, (whe-

ther fuch refiftance is occafioned by a thin elec-

tric ftratum, or by the plane’s imperfeB con-

ducting nature, as is the cafe with dry wood,

marble, &c.) that refiftance, joined to the inter-

val, however fmall, that is between the two plates,

cannot be overcome by the weak intenfity of the

eledtricity of the metal plate, which on that ac-

count will not dart any fpark to the inferior plane,

(except it’s eledtricity were very powerful, or it s

ed<res not well rounded) and will rather retain

I
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its electricity
; Co chut being removed from the

inferior plane, it’s elecftrometcr will nearly recover
it’s former height. Befides, the electrified plate

may even come to touch the imperfectly con-
ducting plane, and may remain in that fituation for

iome time ; in which cafe, the intenfity being
reduced almoit to nothing, the electricity will

accordingly pafs but fiowly to the inferior plane.
But the cafe is different,

^

if, in performing this

experiment, the electrified metal plate touches
the inferior plane edgewife, for then it’s intenfity

being greater than when it is laid flat, as appears
by the elearometer, the electricity eafily over-
comes the fmall refiftances, and paffes to the
inferior plane, even acrofs a thin firatum, becaufe
the electricity ofone plane is ballanced by that of
the other, only in proportion to the quantity of
furface which they oppofe to each other within
a given diflance; fo that when the metal plate
touches the other plane in flat and ample contact,
it’s electricity is not diflipated. This apparent
paradox is clearly explained by the theory of
eledlric atmofpheres.

It is Hill more like a paradox, that neither
touching the metal plate with a finger or piece
of metal will deprive it of all it’s eledlricity,
while Handing upon the proper plane

; fo that
it generally leaves it fo far electrified, that when

F f feparated
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feparated from the plane, it will give a fpark.

Indeed this phenomenon could not be explained

on the fuppofition, that the finger or metal were

perfed conductors. But, fince we do not know

of any perfed condudor, the metal or finger op-

pofe a fufficient refinance to retard the imme-

diate diflipation of the eledricity of the plate,

which is in that cafe aduated by a very fmall

degree of intenfity, or power of expanfion ; fo

that, fuppofe for inflance, the piece of metal

or finger 'touching the plate took off fo much of

it’s eledricity as to reduce the intenfity of the

remainder to the £Oth part of a degree, this re-

maining eledricity would be then nothing ;
but

when the plate, by being feparated from the in-

ferior plane, has it’s capacity fo far diminiflicd

as to render the intenfity of its eledricity 100

times greater, then the intenfity of that remain-

ing eledricity would become of two degrees or

more, viz. fufficient to afford a fpark.

Having confidered in what manner the adion

of eledric atmofpheres modifies the eledricity

of the metal plate in it’s various fituations, we

fhall now confider the effeds which take place

when the eledricity is communicated to the

metal plate, whilff Handing upon a metal plane.

As the whole bufmefs has been proved in the

preceding pages, it is eafy to deduce the appli-

cations

1
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cations from it : neverthelefs, it will be ufeful

to exemplify it by an experiment.

Experiment clxxxvi.

—

Suppofe a Leyden
phial or a condu&or, fo weakly elecflrified that

it’s intenfity is one half a degree, or even lefs ;

if the metal plate of the condenfer, when hand-
ing upon it’s proper plane, was to be touched

with that phial or conductor, it is evident, that

either of them would impart to it a quantity of
its eleCtricity, proportional to the plate's ca-

pacity, viz. fo much as fhould make the inten-

lity of the electricity of the plate equal to that of
the electricity in the conductor or phial, viz.

half a degree
; but the plate's capacity, now it

lies upon a proper plane, is above 100 times
greater than if it hood infulated in the air, or
w'hich is the fame thing, it acquires 100 times
more eleCtricity from the phial or conductor. It

naturally follows, that when the metal plate is re-

moved from the proper plane, it’s capacity being
Jelfened fo as to remain equal to the 1 ooth part
of what it was before, the intenfity of it’s elec-

tricity muft become 50°, fince the intenfity of
the eleCtricity in the phial or conductor w>as half
a degree.

If a fmall quantity of elearicity, applied to

tK metal plate of the condenfer, enables it to

F f 2 give
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give a ftrongfpark, it may be afked, What would

a greater quantity do ? Why nothing more. Be-

caufe, when the electricity communicated to the

metal plate is fo ftrong as to overcome the fmali

refinance of the inferior plane, it will be difii-

pated.

It is eafy to underftand, that if the metal plate

of the condenfer can receive a good fhare of

electricity from a Leyden phial or ample conduc-

tor, however weakly electrified, it cannot re-

ceive any confiderable quantity of it from a con-

ductor of fmali capacity; for this conductor

cannot give what it has not, except it were con-

tinually receiving a ftream, however fmali, as is

the cafe with an atmofpherical conduflor, or with

the conductor of a machine which acts very

poorly, but continues in action. In thofe cafes

it has been obferved, that a confiderable time is

required before the metal plate has acquired a

fufficient quantity of electricity.

As an ample conductor, weakly electrified,

imparts a confiderable quantity of eleriricity to

the metal plate of the condenfer, fo when this

plate is afterwards feparated from it’s plane, the

electricity in it appears much condenfcd and

vigorous ; when the fame plate contains a

fmali quantity of electricity, fuch as cannot

give a fpark or affect an electrometer, that elec-

tricity
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tricity may be rendered very confpicuous by
communicating it to another fmall plate or con-
denfer.

Mr. Cavallo firft thought of this improve-

ment, by reafoning on Mr. Volta’s experiments.

He made a fmall metal plate not exceeding the

fize of a fhilling. This fecond condenfer is of

great ufe in many cafes, where the electricity is

fo fmall as not to be at all, or not clearly ob-

fervable by one condenfer only, as has been fully

proved. Sometimes the ufual metal plate of a

condenfer acquires fo fmall a quantity of elec-

tricity, that being afterwards taken from the

inferior plane, and prefented to an extremely

fenfible electrometer, made by Mr. Cavallo, it

did not affect it. In this cafe, if the faid plate,

thus weakly electrified, was made to touch the

other fmall plate properly fituated, and was af-

terwards brought near an electrometer, the elec-

tricity was then generally ftronger than was fuf-

jheient merely toafeertain it’s quality.

Now, if by the help of both condenfers, the

intenfity of the electricity has been augmented
1000 times, which is by no means an exago-e-J tD fc>

ration, how weak mud then be the electricity of
the body examined ! how fmall the quantity of
electricity that is produced by rubbing a piece

cf metal with one’s hand ! fince when it is con-

denfed
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denfed by both condcnfers, and then communi-

cated to an electrometer, it will hardly aftedt

that inftrument, and yet is fufhcient to afford

conviaion, that the metal can be electrified by

the friction of a perfon’s hand.

Before the difcovery of the condenfer and Mr.

Cavallo’s very fenfible electrometer, we were far

from being able to difcover fuch weak excita-

tions; whereas, at prefent, we can obferve a

quantity of electricity, incomparably fmaller

than the fmalleft obfervable at thofc times.

CHAP*



Electricity. 239

CHAP. XII.

Of Atmospherical Electricity.

TT is now univerfally acknowledged by every

philosopher, that theeleiftric fluid is diflemi-

nated through the whole atmofphere : it is alfo

known, that the motion of this fluid is reflrained

when it a6ts in denfe air, but it moves with the

greatefl liberty in a vacuum or rarified air, as in

an exhaufled receiver. Therefore at a great

height, where the air is equally, if not more ra-

rified than in our receivers, its motion muft be

exceeding free, and hence capable of the greatefl

effects : becaufe it can be moved from one place

to another with extreme eafe and rapidity, and

in great quantities ; and if, as many philofo-

phers believe, the eledlric fluid is that ether or

fubtil matter which fills the intervals between

the planets, how great muft be the force of an

agent which fills thefe immenfe fpaces ! Be this

as it will, we know that the upper ftrata of air

are filled with this fluid, and that it moves there

freely.

Again, we know that water, whether in fub-
ftance or in vapour, is a conductor of ele&ricity ;

that in proportion as air is loaded with it, it

4 refills
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refifts lefs the motion and diffufion of the elec-

tric fluid: confequently, if vapour rifes to a

great height, it becomes a conductor and canal

of communication between this immenfe refer-

voir, this ocean of free ele&ric fluid, and the

entire mafs of our globe. If then this fluid is

more reftrained at one part of our globe, than it

is in correfponding parts of the higher regions,

the vapours will be the medium to reftore the

equilibrium. But this equilibrium will not laft

long, for it is natural to fuppofe this immenfe

fluid fubjed to a flux and reflux, currents, &c.

which will alter it’s local denfity. Thus alfo

this fluid, which is contained in our globe, can-

not be long uniformly fpread through it s mafs,

as there are ten thoufand agents, which will

either accumulate or ratify it: confequently va-

pour will fcarce ever rife without ferving as a

vehicle to maintain the equilibrium between our

globe and the fluid in the higher regions of the

atmofphere.

This theory is fo natural a confequence of the

mofl immediate and certain principles oteledri-

city, that it feems almoft fuperfluous to confiim

it by the phenomena which it explains. It is

the only one that accounts for the following lad,

that vapours never rife to a great height without

producing the mofl terrible meteors. All con-

liderable
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fidcrable volcanic productions are accompanied

with lightning. The fire which rifes from the

earth feems to light that of heaven. The column

of vapour which proceeds from the bowels of a

volcano is continually traverfed by lightning/

which fometimes feems to proceed from the

higher regions, fometimes from the column itfelf.

Hail, which neceflarily fuppofes the afcenfion of

vapour to a confiderable height, is always ac-

companied with electricity. The aurora borealis

is alfo electrical
; it’s light feems to be produced

by the eleCtric fluid, at the inflant it is con-

denfed in palling in the columns of elevated va-

pour.

Waterfpouts, whirlwinds, and even earth-

quakes, are in a great meafure the effects of ton-

rents of the ele&ric matter, attracted from the

higher regions by torrents of vapour. In a

word, can the electricity of the clouds be attri-

buted to a more natural or probable caufe ?f

For the fubjedl of this chapter we are prin-

cipally indebted to P. Beccaria, who has for

many years accurately obfcrved the various

changes in the eledricity of the atmofpherc,

G g and

* The younger Pliny obferved thefe lightnings in the

eruption which killed his uncle. Sir William Hamilton
has alfo obferved them feveral times.

f SaufTurc s Eljais fur l’Hvgrometrie, p a 275.
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and their relation to the other phenomena of

the weather. His apparatus was admirably well

adapted for this purpofe, and fuperior to any

thing that we are at prefent acquainted with,

for intimating eafily and at all times the elec-

tricity of the air. It not being at fir ft fufpeded,

that eledricity was fo intimately blended with

every operation of nature, as it is now known

to be, the labourers in this part are of courfe

very few ; the principal are P. Beccaria, Mr.

Ronayne, and Mr. Cavalio.

I have extracted and methodized the refults

of the obfervations made by P. Beccaria, intro-

ducing occafionally thofe made by others, that

the reader might be in pofieftion of the moft

material fads, and excited to inveftigate and

ourfue with attention this deLicatc and important

fubjed ; for, indeed, little certainty can be

expeded from any fyftemof meteorology, where

the adion of the principal agent is not particu-

larly confidered and attended to.

The apparatus ufed by P. Beccaria, foi in-

veftigating the eledricity ol the atmofphere,

was an iron wire, which he terms an exploiing

wire, one hundred and thirty-two leet long. It

was fixed at one end to a pole raifed over the

chimney, the other end was {aliened to the top

of a cherry-tree. The extremities of the wire

were
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were infulated, and covered with a fmall um-

brella of tin. Another wire was brought from

this, (through a thick glafs tube, coated with

fealing-wax) into the room ;
by which means,

continual information of the hate of the electri-

city in the exploring wire was obtained. He
connected with this wire a fmall flip of metal, on

each fide of which was a fmall pith ball, one line

diameter ; the balls were fufpended by fflk

threads, fixtecn lines long.

x\ir-balloons will probably enable us to dif-

cover with certainty the electricity of the diffe-

rent ftrata of the atmofphere. Mr. de Sauffure

has already made the experiment with a balloon

made of taffety, containing two hundred cubic

feet of air, and which was raifed by the heat

from the flame of fpirit of wine : with this, in

cloudy but calm weather, he obtained a ftrong

pofltive eleClricity.*

The eledricity, in ferene weather, generally

makes each of the balls diverge about fix lines;

when it is very ftrong, they will diverge fifteen

or twenty degrees from the metal plate ; when

weak, the divergence is very fmall.

In ferene weather, the wire, after bein°-

G g 2 touched,

* Faujas de St. Fond, Defcription des Experiences

Aeroftatiques, tom. II. p. 271.
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touched, will take a minute or longer before it

again fhews figns of electricity ; though, at other

times, it will become electrified in the (pace of

a fecond.

The eleflricity during ferene weather is always

pofitivc. There are few inftances in which it is

negative, and then it is brought over by the

wind from fome part of the atmofphere, (per-

haps very diftant from the place of obfervation)

where there is either fog, fnow, rain, or clouds.

The whole feries of obfervations, which P.

Beccaria has made, confirm this polition. He
feems to have met with only three or four in-

ftances to the contrary.

Dr. Franklin has obferved, that the clouds

arefometimes negative, which is certainly true

;

becaufe they will at times abforb, at and through

the apparatus, a large and full bottle of pofitive

electricity, of which the apparatus could not

have received and retained the hundredth part.

And it is eafy to conceive, how a ftrongly charged

large pofitive cloud may reduce fmaller clouds

to a negative Hate.

The electricity ofthe atmofphere is very much

connected with the date of the air, as to moifture

and drynefs ; fo that it is necelfary to attend to

the hygrometer, in order to forma proper judg-

ment of the different degrees of electricity at

5 different
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different times. That invented by Mr. Coven-

try, which is made of hatters’ paper, will anfwer

belt ;
it is very fenfible, abforbs moidure foon>

and parts with it eafily. Comparative obfer-

vations may alfo be made with it. It is alfo

neceffary to place a thermometer near the hy-

grometer, to afeertain what quantity of moifture

the air can keep in folution with a given degree

of heat : though this objeCt will more probably

be obtained by obferving accurately the quan-

tity of moifture evaporated from a given furface

at different times. It is alfo to be obferved,

that the different degrees of denfity in the air

will affeCt the quantity of moifture which is

retained in the air.

The moifture in the air is the conftant con-

ductor of the atmofpheric electricity during clear

weather; and the quantity of electricity is pro-

portioned to the quantity of moifture which

furrounds the exploring wire
; except there is

fo much as to leffen the exaCtnefs of the inf-

lation of the wire and of the atmofphere. In

a dry date of the air, it will fometimes be above

a minute before the balls will manifed any elec-

tricity after the wire has been touched
; though

in a damper date, a fecond will fcarce elapfe

before rapid ofcillations of the balls may be ob-

ferved
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ferved between the finger and the plate of brafs

to which they are affixed. *

The eleflricity, when the weather clears up,

is always pofitive. When the weather is clearing

up, and becomes dry quickly, the electricity

rifes to a great degree of intenfity, and affords

frequent opportunities for repeating the obfer-

vations. It fometimes happens, that the elec-

tricity, caufed by the clearing up of the weather,

continues in it’s date of intenfity for a long

while ; and alfo, after being interrupted, it be-

gins afrefh. Thefe accidents feem to be owing;O O
to the eledtricity being brought over by the wind

from great diftances.

P. Beccaria fays, that whenever he obferved

that the thick low clouds which were over his

head began to break, and the rare even clouds,

which are above the former, became dilated, that

the rain eeafed, and the balls diverged with po-

fitive eledtricity, he always wrote down cer-

tain TENDENCY TO CLEAR WEATHER.

Prior Ceca fays, that a firong pofitive elec-

tricity

* In making obfervations on the electricity of the atmo-

fpherc in clear weather, it is efifcntial to repeat them veiy

frequently ; i. e. to obferve the velocity with which the

electricity rifes after it has been annihilated
;
which P, Bec-

caria generally eftimated by the number of feconds clapfed

before the balls began to manifeft their electricity.
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tricity after rain is an indication that the weather

will continue fair for feveral days. If the elec-

tricity is weak, it is a fign that the fair weather

will not lad the whole day, but that it will foon

be cloudy, and even rain.

If, when the fky grows clouded over the place

of obfervation, and a high cloud is formed, with-

out any fecondary clouds under it, and that it

is not an extenfion of a cloud which drops rain

elfewhere, either no electricity takes place, or it

is pofitive.

If the clouds which are gathering are fhaped

like locks of wool, and keep moving fird nearer

to, and then feparating from each other ; or, if

the general cloud which is forming lies very

high, and is d retched downwards like defeend-

ing fmoke, then pofitive electricity commonly

takes place, which is more or Ids drong in pro-

portion to the quicknefs with which this cloud

forms ; and it foretels the greater or lefs quan-

tity and velocity of the rain or fnow which is to

follow.

When a thin, even, and extendve cloud is

forming, which darkens the fky, and turns it

into a grey colour, a drong and repeated pofi-

tive electricity takes place ; but in proportion

as die gathering of the cloud dackens, this

electricity leflens, or even fails. On the con-

trary,
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trary, if the rare extenfive cloud is gradually

formed of fmaller clouds, like locks of wool,

which are continually joining to, and parting

from each other, the pofitive electricity com-

monly continues.

Low and thick fogs (efpecially when as they

rife the air above them is free from moifiure)

carry up to the exploring wire an elefiricity

which will give fmall fparks repeatedly, and

produce a divergence of the balls from 20° to

25
0

,
or even 30°. Ifthe fog grows fluggifh, and

continues round the exploring wire, the electricity

foon fails ;
but if it continues to rife, and

another cloud fucceeds, it electrifies again the

wire, though lefs than before. Sky-rockets fent

through fuch thick, low, and continued fogs,

often afford ligns or eleCfricity. P. Beccaria,

under any one of the circumftances above

defcribed, never met with an infiance of nega-

tive ele&ricity ;
except perhaps once, when be

fent a fky-rocket, to which a Bring was fixed,

through a low thick fog; though he had

afterwards every reafon to think, that he had

mifiaken a false little star for a true one.

Mr. Ronayne obferved, that the air in Iicland

was generally eleCirified in a fog, and even in a

miff, and that both day and night, but prin-

cipally m winter ;
feldom 111 fummci, except

from
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from pofitive clouds, or cool fogs. The electri-

city of the air in a froft or fog is always pofitive.

He fays, that he has often obferved, during what

feemed the palling of one cloud, fucceffive

changes from negative to politive, and from

politive to negative.

N. B. Molt fogs have a fmell very like an

excited glafs tube.

Mr. Henly has (hewn, that fogs are more

ftrongly electrified in, or immediately after a

froft, than at other times ; and that the electricity

in fogs is often the ftrongeft foon after their ap~

pearance.

Whenever there appears a thick fog, and at

the fame time the air is {harp and frofty, that

fog is ftrongly electrified pofitively.

Though rain is not an immediate caufe, yet

he is inclined to think, it was always a remote

confequence, of electricity in the atmofphere ;

and he generally found, that in two or three days

after he had difcovered the air to be ftrongly

electrified, we had rain, or other falling wea-

ther.

If, in clear weather, a low cloud, which

moves flowly and is confiderably diftant from any

other, pafies over the wire, the pofitive electricity

generally grows very weak, but does not become

negative
; and when the cloud is gone, it returns

Hh to
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to it’s former (late. When many whitifli clouds,

like locks of wool, keep over the wire, fometimes

uniting with, and then feparating from each

other, thus forming a body of coniiderable extent,

the politive eledlricity commonly increafes. In

all the above circumftances the pofitive electricity

never changes to a negative one.

The clouds which leffen the eledlricity of the

exploring wire are thofe which move ;
though

thofe that are low feem alfo to have the fame

effedl.

Of the Diurnal Atmospherical Electri-

city.

In the morning, when the hygrometer indi-

cates a degree of drynefs equal to, or little lefs

than that of the preceding day, an eledlricity

takes place before the fun rifes ;
which is mani-

fefted by junctions, adhefions, or even a diver-

gence of the balls, and is proportioned to the

drynefs of the air, and the fmallnefs of it’s dif-

ference from that of the preceding day. If this

Hate of drynefs does not obtain, no difcernible

eledlricity will be perceived before, or even lor

a little while after, the riling of the fun. As the

air is generally damp in the night, electricity is

feldom obferved before the fun rifes. During

three
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three months obfervations, P. Beccaria found the

electricity before the fun role only eighteen

mornings ;
and from the whole of his numerous

obfervations it appears, that the appearance of

eledtricity in winter before fun-rife is more

frequent that in the fummer, efpecially if the

dampnefs from hoar-froft is prevented from

affecting the apparatus.

In the morning, as the fun rifes higher, the

electricity, whether it began before fun-rife or

only after, gradually incrcafes. This gradual

increafe of the morning eledtricity begins fooner,

if the hygrometer continues after fun-rife to

indicate a greater degree of increafing drynefs.

The intenfity and the rife of the eledtricity (after

it has been annihilated by touching the exploring

wire) lafts in ferene days, in which no impetuous

wind takes place, and the hygrometer is flationary

at the higheft degree it has attained that day, till

the fun draws near the place of it’s fetting.

When the fun is near fetting, and in proportion

as the hygrometer abforbs the moifture, the

intenfity of the daily eledtricity leffens.

Though the hygrometer may indicate equal

degrees of drynefs at twelve o'clock, in different

days, yet the eledtricity will appear fooner after

being deftroyed on fome days than on others ;

H h 2 and
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and this is in a great meafure proportioned to

the increafe of heat. The electricity moreover

commences on fuch days later in the morning,

and falls fooner in the evening.

The friction of winds againft the furface of

the earth is not the caufe of atmofpheric elec-

tricity. Impetuous winds leffen the intenfity

of the electricity in clear weather. If they are

damp, they lefl'en it’s intenfity in proportion to

the diminution they caufe in the exactnefs of the

infulation both of the wire and atmofphere.

Of the Electricity produced by the

Evening Dew.

In cold feafons, if the fky is clear, little winds

and a great degree of increafing drynefs, an

electricity of confiderable intenfity arifes after

fun-fet, as foon as the dew begins. The fre-

quency of fuch electricity is moreover greater

than that of the daily electricity, and it vanities

fiowly.

In temperate or warm feafons, if the fame

circumftancesas above take place, an electricity

intirely fimilar to the former arifes as foon as the

fun has fet ; only it's intenfity is not fo conflant

;

it begins with greater rapidity, and ends fooner.

If,
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If, under the above circum fiances refpeo
tively, the general drynefs of the air happens to

be lefs, the electricity that rifes in the evening,

when the dew begins, is lefs in proportion to the

diminutions of the exa&nefs of the infulation of

both the exploring wire and the atmofphere;

but correfpondently to the greater quantity of
dew, the frequency of the electricity is greater.*

The electricity of dew feems to depend on the

quantity of dew, and to follow in it’s various

changes, proportions fimilar to thofe which take

place between the eleflricity of calm mild rain,

and that of rainy and ftormy W'eather, and
varies alfo according to the feafons.

As rain, fhowers, the Aurora Borealis, and
the zodiacal light, have a tendency to appear

for fevcral fucceffive days with the fame cha-

raCleriftic accidents, fo the eleCtricity of dew
feems to have as it were an inclination to appear

for feveral evenings fucceffively with the fame
characters.

Experiment clxxxvii.—Let the air in a well-

clofed room be eleClrified
; that is to fay, the

moifture and other vapours diffufed in it : then
let a bottle, filled with water colder than the air

in the room, and infulatcd on a tube of glafs,

be raifed pretty high in this room. Care mud
b be
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be taken to prefcrvc the infulation of the glafs,

with warm cloths. The eledtric figns that will

arife in two threads fufpended to fuch bottle, will

exactly reprefent the electricity of dew ;
and

they will exhibit the different manner after which

this eledtricity takes place, according as the

eledtrified vapours in the room are more or lefs

rare ; as the difference between the heat of the

air in the room, and that of the water in the bottle

is lefs or greater, and the infulation of the bottle

is more or lefs exadt.

In a thunder-ftorm Mr. Ronayne obferved,

that the flalhes would caufe fudden changes.

Sometimes the eledtricity w'ould be extended,

fometimes diminifhed ; at other times increafed,

and fometimes even changed to the contrary

again, though none was perceived before ; it

would come on fuddenly with a flafh of lightning.

A large thunder-cloud, when it darkens the

hcmifphere, does not produce fo much eledtricity

as a branch of it, or even as a common fhower;

that a (torm does not go in a regular current of

the wind, but obliquely and zig-zag; viz. it

rains in that region trom whence the ftoim is to

proceed.

Experiments
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Experiments and Observations on Atmo-
spherical Electricity, by Mr. Cavallo.

Thcfe were principally made with an electrical

kite, which will collect electricity from the air

at any time. I he power of this inflrument

refides in the firing. The befl method of
making the firing is by twilling two threads of
common twine with one of that copper thread

which is ufed for trimming: a fchoolboy's kite

' with this firing anfwers the purpofe as well as

any other. When a kite conflicted in this

manner was raifed, Mr. Cavallo fays he always
obferved the firing to give figns of electricity,

except once; the weather was warm, and the
wrind fo weak, that the kite was raifed with
difficulty, and could hardly be kept up for a few
minutes . afterwards, when the wind mcreafed
he obtained as ufual a flrong pofitive electricity

If this kite was raifed at a time when there
was any probability of danger from the great
quantity of electricity, Mr. Cavallo connected
one end of a chain with the firing, and let the
other end fall on the ground, and placed him-
felf alfo on an inflating flool. Except the
kite is raifed in a thunder-florm, there is no
great dangei that the operator will receive a
fhock. Although he raifed his kite hundreds

of
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of times without any precaution whatever, he

feldom received even a few flight fnocks in the

arms. But it is not advifeable to raife it while

ftormy clouds are over-head. This is alfo lefs

neceflary, as the electricity of the atmofphere

may then be ealily obferved by other means.

When the kite was raifed, he often introduced

the firing through a window into a room of the

houfe, and faftened it by a ftrong fllk lace to a

heavy chair in the room. Tig. 78, A B repre-

fents part of the firing of the kite which comes

within the room, C the fllk lace, D E a fmall

prime conductor, which, by means of a fmalE

wire, is connected with the firing of the kite ; F

a quadrant electrometer, fixed upon an inhibiting

(land, and placed near the prime conductor ; G

a glafs tube about 1 S inches long, gn a ball and

wire of brafs, which are fixed to the glafs tube.

This fmall inflrument is ufeful to determine the

quality of the electricity, when it is not fafe to

come near the firing. This is effected -by touch-

ing the firing w ith the wire, which takes a fufn-

cient quantity from it to afcertain thereby the

quality of the electricity, either by the attraction

and repulfion of light balls, or the appearances of

the electric light : or it may be ascertained by a

Leyden phial, which wall retain a chaigc for a

confiderable time ;
and then the kite need not be
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kept up any longer than is neceffary to charge the

phial, by which the quality will be fhewn even

at fome days diftance.

If a charged phial is carefully kept from any
of thofe means by which it is known to be dif.

charged, it will retain it s charge for a long time*

On this principle the above-mentioned phial is

conftructed ; the bottle is coated in the ufual

manner
; the uncoated part of the glafs is cover-

ed with wax, or elfe well varnifhed; a glafs

tube, which is open at both ends, is cemented
into the neck of this phial, having a piece of
tin-foil connected with it s loweft extremitv,

which touches the infide non-eleflric coating.

A glafs handle is fixed to the ball on the wire
which pafies into the foregoing glafs tube ; the

wure is of a proper length to touch the tin-foil

which is at the bottom of the tube. Charge this

bottle in the ufual manner, and then take out the
wire from the glafs tube by means of the glafs

handle. This may be done without difeharging

the phial ; and, as the fire cannot now efcape
eafijy, the charge of a phial may be preferved
for many weeks.

Fig. 80 leprefents a very fimple inftrument
(v-ontiived by Mr. Cavallo) for making experi-
ments on the electricity of the atmofphere, and
which, on feveral accounts, appears to be the

J i beft
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bcft for the purpofe. A B is a common jointed

fifhing rod, without the laft or fmalleft joint

:

from the extremity of this rod proceeds a fmall

glafs tube C, covered with fealing-wax, a cork

D is fixed at the end of it, from which an elec-

trometer with pith balls is fufpended. H G I

is a piece of twine fafiened to the other extre-

mity of the rod, and fupported at G by a fmall

firing F G. At the end of the twine T a pin is

fafiened, which, when pu fixed into the cork D,

renders the electrometer E uninfulated. When

the electricity of the atmofphere is obferved with

this infirument, thrufi the pin T into the cork

D, and hold the rod by the lower end A ;
place

it out ofa window at the upper part of the houfe,

railing the end of the rod with the electrometer,

fo as to make an angle of 50 or 60 degrees with

the horizon. Keep the infirument in this fitua-

t-ion for a few feconds, then pull the twine at

H, and the pin will be difengaged from the cork

D; w7hich operation caufes the firing to drop in

the dotted fituation K L, ar.d leaves the electro-

meter infulated, and electrified with an electricity

contrary to that of the atmofphere. T his being

done, you may draw the eleClromcter into the

room, and examine the quality of the eleCtricity,

wdthout obfiruCtion either from wind or dark-

nefs.
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Fig. Si is an electrometer for rain, contrived

by Mr. Cavallo. A B C T is a ftrong glafs tube,

about two feet and a half long, having a tin fun-

nel D E cemented to it’s extremity, which funnel

defends part of the tube from the rain. The

outfide furface of the tube from A to B is covered

with fealing-wax, and fo is the part of it which

is covered by the funnel. F D is a piece of cane

round which brafs wires are twitted in different

directions, fo as to catch the rain eafily, and at

the fame time to make no rettttance to the wind.

This piece of cane is fixed into the tube, and a

fmall wire proceeding from it goes through the

tube, and communicates with the ftrong wire A
Gj which is thruft into a piece of cork, fattened

to the end A 'of the tube. The end G of the

wire A G is formed into a ring, from which a

fenttble pith ball electrometer is to befufpended.

This inftrument is fattened to the fide ofa window
frame, where it is fupported by ftrong brafs

hooks at C B ; which part of the tube is covered

with a lilk lace, in order to adapt it better to the

hooks. The part F L is out of the window, with

the end F elevated a little above the horizon.

The remaining part of the inftrument comes
through a hole in one of the lights in the fafh,

within the room, and no more of it touches the

fide of the window than the part C B. When it

I i 2 rains.



26o An Essay on

rains, efpecially in paffing fhowers, this inftru-

rnent is frequently electrified
; and by the diver-

gence of the ele&rometer, the quantity and

quality of the rain may be obferved without any

danger of a miftake. With this inflrument, in

rainy weather, Mr. Cavallo has been able to

charge a fmall coated phial at the wire A G. It

lhould be fixed in fuch a manner, that it may be

eafily taken off from the window, and replaced

again, as occafion requires ; as it will be necef-

fary to clean it often, particularly when a fhower

of rain is approaching.

Description of a small portable Atmo-*

spherical Electrometer, invented by

Mr. Cavallo.

The principal part of this inflrument is a glafs

tube C D M N, cemented at the bottom into

the brafs piece A B, by which part the inftru-

rnent is to be held when ufed for the atmofphere

;

and it alfo ferves to fcrew the inflrument into it’s

brafs cafe A B O, fig. 7

6

. The upper part of the

tube C D M N is fhaped tapering to a fmall

extremity, which is inti rely covered with fealing-

\vax ;
into this tapering part a fmall tube is

cemented ; the lower extremity, being alfo covered

4 witJi
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with fealing-wax, projects a fmall way within the

tube CDMN ; into this fmaller tube wire is ce-

mented, which, with it’s under extremity, touches

the flat piece of ivory H, faflened to the tube by

means of a cork ; the upper extremity of the wire

projects about a quarter of an inch above the tube,

and fcrews into the brafs cap E F, which cap is

open at the bottom, and ferves to defend the

waxed part of the inflrument from the rain,

&c.

I M and K N are two narrow flips of tin-foil,

ftruck to the inlide of the glafs CDMN, and

communicating with the brafs bottom A B.

They ferve to convey that electricity, which,

when the balls touch the glafs, is communicated

to it, and, being accumulated, might difturb the

free motion of the balls.

To ufe this inflrument for artificial electricity,

electrify the brafs cap by an electrified fubfiance,

and the divergence or convergence of the balls

of the electrometer, at the approach of an excited

electric, will Ihevv the quality of the electricity.

The belt manner to electrify this inflrument is,

to bring excited wax fo near the cap that one or

both of the corks may touch the fide of the bottle

CDMN, after which they will foon collapfe and

appear unelectrified. Ifnow the wax is removed,

thev
j
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they will again diverge, and remain ek&rified

pofitively.

When this electrometer is to be ufed to try

the electricity of the fogs, air, clouds, &c. the

obferver is to do nothing more than to unferew

it from it’s cafe, and hold it by the bottom A B
to prefent it to the air a little above his head,

fo that he may conveniently fee the balls P, which

will immediately diverge if there is any electri-

city; i. e, whether pohtive or negative may be

ascertained, by bringing an excited piece of

Sealing-wax or other ele&ric towards the brafs

cap E F.

General Laws deduced from the Experi-

ments PERFORMED WITH THE ELECTRICAL

Kites.

1. The air appears to be electrified at all

times. It’s electricity is ccnftantly pofitive, and

much ftronger in frofly than in warm weather

;

but it is by no means lefs in the night than in

the day time.

2. i he prefence of the clouds generally leffens

the electricity of the kite: fometimes it has no
eiTefl upon it, and it very feldom increafes it.

3. When it rains, the eleflricity of the kite is

generally negative, and feldom pofitive.

4. The
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4. The Aurora Borealis fcems not to allecft

the electricity of the kite.

5. The electrical fpark taken from the firing

of the kite, or from any infulated conductor

conneCfed with it, especially when it does not

rain, is Seldom longer than a quarter of an inch,

but it is exceedingly pungent. When the index

of the electrometer is not higher than 20°, the

perfon who takes the fpark will feel the effeCts of

it in his legs ; it appears more like the difeharge

of an eleCtric jar, than the fpark taken from the

prime conductor of an ele&rical machine.

6. The eleCtricity of the kite is in general

flronger or weaker, according as the firing is

longer or Shorter ; but it does not keep any exaCt

proportion to it. For inftance
; the eleCtricity

brought down by a firing of an hundred yards

may raife the index of the electrometer to 20°,

when with double that length of firing the index

of the eleClrometer will not go higher than 25
0
.

7. When the weather is damp, and the elec-

tricity is pretty flrong, the index of the electro-

meter, after taking a fpark from the firing, or
»

,

prefenting the knob of a coated phial to it, rifes

furprifingly quick to it’s ufual place, but in dry

or warm weather it rifes exceedingly fiow.

It appears, from the observations which have

been made on the eleCtricity of the atmofphere,

that
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that nature makes great ufe of this fluid in pro-*

mating vegetation.

1. In the fpring, when plants begin to grow,

then temporary ele&rical clouds begin to appear*

and pour forth eledric rain. The electricity of

the clouds and of the rain continues to increafe,

till that part of the autumn in which the laft fruits

are gathered.

2. It is this fluid which fupplies common
fire with that moifiure, by the help of which it

actuates and animates vegetation : it is the agent

that colleds the vapours, forms the clouds, and

is then employed to diforder and diflipate them

in rain.

3. From the fame principle may be explained

the proverb, that No watering gives the countryJo

fmiling a look as rain . The clouds of rain, by

extending their eledric atmofphere to the plants,

difpofe the pores of the latter to receive with

greater facility the water which is impregnated

with this penetrating and dilating fluid. Befides,

it is natural to fuppofe, that the pofltive electri-

city, which continually prevails in fercne weather*

will contribute to promote vegetation, fince this

has been found to be the effed of even artificial

eledric ity.

Of
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Of the Imperfections of Meteorology,

so long as Barometrical, Thermome-

trical, and Hygrometrical Observa-

tions are not accompanied with the

regular Observation of the Electri-

city of the Atmosphere, of the Electri-

city of Rain, Snow, Mists, and aqueous

Meteors in general. By Mr. Achard.

As it is now clearly afeertained, that electri-

city is a caufe of' various meteorological pheno-

mena, it is rather furprifing that philofophers

have not perceived the abfolute necefTity of

joining an inftrument, by which obfervations

may be made on the electricity of the atmofphcre,

to thofe which indicate it’s weight, heat, and

humidity.

Without conlidering in this place the different

proofs of the influence of electricity on meteors,

it will be fufficient to remark, that we cannot

attain to an adequate knowledge of any phaeno-

mena, occalioned by the concurrence of various

caufes, without being acquainted with them
all; for if any one is negleCted, it will be abfo-

lutely impoffible thoroughly to explain the

phenomena. If clcflricity is not the foie caufe

K k of



266 An Essay on

of feveral meteorological appearances, it is

undoubtedly concerned more or lefs in their

formation
; fo that by neglecting to obferve it,

as well as the barometer, &c. we lofe the fruits

of other, even very exad, meteorological ob-

fervations.

The influence of eledricity on vegetation is

proved by a fet of obfervations made by different

philofophers ; but it evidently appears, that the

botanical meteorological obfervations alone will

never be fo ufeful as might be expeded, till we
unite thofe made by an inftrument which will

indicate the eledric date of the atmofphere, to

thofe made with other inftruments. It is owino-

to this caufe, perhaps, that it is impoffible to

draw any conclufion from the botanical meteoro-

logical obfervations of Meffrs. Gautier and

Duhamel, which were continued from 1751 to

17 69.

Mr. Achard has had an opportunity ofmaking
a few obfervations, but they were fufficient to

convince him of the intimate connedion that

fubfifts between the formation of the inoft part of

meteors, and atmofpherical eledricity.

To dilcover if the atmofphere was ele&rical,

he made ufe of a pair of light pith balls which
were attached to a refinous rod. This eledro-

metei, hom its fimplicity, is almolt preferable

to
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to any other for merely difcovering that electri-

city exifts in the atmofphere.

During the month of July, 1778, Mr. Achard

obferved daily the eledtricity of the atmofphere

in the morning, at noon, and in the evening,

with a pair of fmall pith balls, which were placed

above the roof of the houfe, above 40 feet high,

and- fufficiently diflant from buildings, trees,

&c. During the whole time there were only 10

days which gave no ligns of electricity ; 1 7 days,

including the foregoing 1 o, in which he could

obferve no electricity in the morning, though it

became very fenfible at noon, and was very

much increafed towards the fetting of the fun.

Every other day he found the air eledtrical during

the whole day, but always ftrongeft a little be-

fore fun-fet, a fhort time after which it began

again to diminifh.

If in ferene weather the fky became fuddenly

cloudy, the eledtrometer indicated continual

changes in the eledtricity of the atmofphere

;

fometimes increafing, then difappearing, then

re-appearing; in which cafe it had generally

changed from pofitive to negative, or vice verfa.

In windy weather he found it difficult to obferve

with the eledtrometer, on account of the con-

tinual motion of the balls. It feemed to vary

conliderably when the air was heavy, but not

K k 2 windy.
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windy. When the weather was very calm, and

the iky without clouds, the electrometer did not

alter in the lead, except towards fun-fet, when

it increafed in a fmall degree.

It is remarkable, that in thofe days in which

he obferved no electricity in the air, there was

no dew at night ; while on the other nights, it

fell in greater or lefs quantities. He does not

think thofe obfervations are fuflicient to deter-

mine, that the dew is occafioned by electricity,

but it may, he thinks, be fairly inferred, that

the elevation and fall of the dew is obftruCted or

promoted by the eleflricity of the air. It is

eafy to point out in what manner eleftricity may

produce the effeCt. Let us fuppofe the air to

be either politively or negatively eleCtrified, but

the furface of the globe where we are not to be

fo
;

the aqueous and volatile parts of the vegeta-

bles exhaled by the rays of the fun, and fufpended

in the air, will become eleCtric by communica-

tion. The air cooling by the abfence of the

folar heat, w ill not, after the fetting of the fun,

retain the aqueous particles with the fame force

;

and thefe being attracted by the non-eleCtric

bodies which are on the furface of the earth,

their fuperficies will be covered with dew. Again,

Jet 11s fuppofe that the furface of the earth is

eledtrical, but that the air is not electrical, and

the



Electricity. 269

the effed will be fimilar to the preceding cafe.

If the air and the earth are both eledrified, but

with contrary powers, the attraction will be

Wronger and the dew more abundant ; but no dew

will fall if they are both poffeifed of the fame

power, and in the fame degree. It is known,

that the dew does not fall with the fame facility

upon all bodies, and that eledric bodies are

thofe on which it falls with the greateft abun-

dance. This fad admits of an eafy explanation,

if we fuppofe eledricity to be the caufe of the

dew ; for the eledric bodies do not readily re-

ceive eledricity from the medium which fur-

rounds them ; there is, therefore, always a

greater difference between the eledricity of the

air and that of the eledrics which are placed in

it, than between the eledricity of the air and

the conduding bodies which it envelopes. Now
it is in the ratio of this difference that the

power of eledric attradion ads, and confe-

quently thefe bodies ought to be covered more

abundantly with dew.

As eledricity is often, if not always, the caufe

of dew, no one will doubt the neccfiity of attend-

ing to it in the botanical meteorology, as every

one is acquainted wdth the influence of dew on

the growth of vegetables.

In
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In the Phil. Tranf. for 1773, are obfcrva-

tions on the electricity of fogs, which prove that

they are generally eleCtrical . Mr. Achard has

made feverai obfervations, the refults of which

correfpond entirely with thofe, for he conftantly

found that the air was more or lefs electrified

by a fog. Twice he obferved, that in the fpace

of a few minutes the fog ceafed altogether, and

fell in form of a line rain ; and though it was

very thick, difappearcd in about feven minutes.

It is alfo very probable that rain is occalioned

by eleCtricity ; and of this we fhall be convinced,

if we conlidcr the attractions and repullions that

the terreftrial or atmofpheric eleftricity mult

occafion, as well between the furface of the globe

and the vapours contained in the air, as between

the particles of vapour which always neceffarily

tend to difperfe or unite the aqueous particles

which fwitn in the atmofphere, and to bring

them nearer, or carry them farther from the

earth.

Having proved the neceflity of combining

obfervations on the eleClricity of the atmofphere

with other meteorological obfervations, Mr.

Achard proceeds to defcribe the properties re-

quifite in a good atmofpherical electrometer, the

want of which accounts for the ncgleCt and

fupincnefs of philofophers on this fubjcCt.

Necessary
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Necessary Requisites in an atmospherical
Electrometer.

1. It fhould becafy in it’s ufe.

2. It Ihould not only indicate that the air is
cle£hical, but in what degree.

. .

3 * Ic ls neceflary that we may learn whether
it is politive or negative.

.

4 ' 1 hat thc obfervcr Ihould be in no danger
in flormy weather.

5 • That i t be portable.

The number of difficulties which oppofe the
conftrufton of an inifrument which will unite
all thefe advantages, is very confiderable. The
greateft is to infulate the metal which receives

not

e

!nrm
ty fr°m ^ ^ fo that rain

not ellabhlh a communication between it and
the earth, and that the inflation is fuffidcntly
perfed to prevent too quick a dilution of the
eledncity received by the metal. Mr. Achard
does not pretend that he has furmounted all
thefe difficulties, but after feveral trials he hascontnved an inftrument fufficiently portable,

y t0 obferve with
. that without danger

Description
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Description of the portable atmospheri-

cal Electrometer, contrived for the

Purposes already mentioned.

This inftrument is compofed of a hollow and

truncated cone of tin, whofe upper end is open,

and which is clofed at bottom by a plate of the

fame metal. This plate is covered, in the in-

fide of the cone, with a layer of rofin two inches

thick : to the lower furface of this layer of rofin

a tube of tin is cemented, which, when it ts

placed on a wooden pedeftal, fupports the cone

in fuch a manner, that the great bafe is horizontal,

and turned downwards ;
the rofin infulates the

cone perfectly, and, when the latter becomes

electric, prevents the lofs of its eieeliicity by

tranfmiflion. The cone muft be high enough,

and it’s inferior bafe muft exceed far enough in

diameter, it’s fuperior extremity, to prevent the

rain, even though it fhould fall in an oblique

direction, from wetting, either in it’s fall, or by

rebounding from the pedeftal, the lower furiace

of the rofin-layer, with which the bottom oi the

truncated cone is internally covered : otherwife

the cone would ceafe to be infulated, and the

eledrometer would be changed into a conductor.
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On the truncated part of the cone Mr. Achard

fattens a fquare iron branch, on which he places

a thermometer and two elocdrometers
; the one

very light, and thus capable of being fet in mo-
tion by final 1 degrees of electricity

; the other

heavier, and which, confequendy, only rifes

when the electricity becomes too ftrong to be

meafured by the light electrometer. Bettdcs

thefe two electrometers, Mr. Achard tied to the

iron bar a thread, which indicates, by it’s riling,

the fmalleft degrees of electricity : the whole is

inclofed in a receiver of glafs, open above and
below

; the bate of this receiver is alfo infulated

with ronn, that it may not derive any electricity

from the tin cone
; the remaining (pace of the

upper part of the receiver, between the bar of
metal, which pattes through it, and the glafs,

is likewife filled with rottn, to prevent the com-
munication of electricity to the receiver

; to pre-
ferve this rofin from rain, which, by moittenin^
it, would form a communication between the

receiver and the bar, it is covered over with a
glaf> funnel, through which the bar pattes, and
which hinders the rain from filling on the rottn.

This receiver is alfo indifpenfably neceflary to

prevent the aclion of the wind upon the elec-

trometers, which would render the accurate
obfervation of them impottible. At the end of

L .1 the
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the metal bar, which paffes through the receiver,

hollow tin pipes may be placed, of a fmall dia-

meter, to render them as light as poffible, and

they may be raifed to the height of 10, 20,

or 30 feet. The upper end of the pipe terminates

in an iron point, extremely (harp and well gilt

;

the gilding is neceffary to hinder the point,

which mud be always even and fmooth, from

contracting ruff. With refpedt to the elevation

that it may be proper to give to the tin-pipe,

this mull; vary with the height of the buildings

or trees in the different places where obfervations

are made ; for the height of the pipe mud al-

ways exceed, at lead by fix feet, the elevation

of all the bodies that are near it. Mr. Achard

joins a thermometer to this machine, which may

be obferved at the fame time, and be the means,

perhaps, of dilcovering the relations, if any there

be, between eledfricity and the temperature of

the air. A barometer and hygrometer may,

with facility, be added to this inftrument for the

fame purpofe.

In order to know whether the elecdricity of

the air be pofitive or negative, Mr. Achard

fufpends a ball of cork, by a linen thread, on

the wire which communicates with the iron bar,

and which paffes through the rofin, with which

the bafe of the truncated cone is covered. The

t wire
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wire mud be of fuch a length, that bodies

pofitively or negatively electrified may be com,
modioufly Drought near the cork-ball, which

is fufpended on it ; and it is according as thefc

bodies attract or repel the ball, that the obfer-

ver learns whether the electricity, which the in-

ilrument has received from the air, be politive

or negative.

That the obferver may be in no danger from •

fudden accumulations of electricity, which fome-
t i rn.es happen, Mr. Achard fallens to the bafe
of the pedeltal an iron bar, which not only

communicates with, but even enters into, the

ground, feveral feet deep. This bar, whofe
upper part terminates in a round knob or ball,

mult be only at the di fiance of an inch from the

cone. When the electrical fluid is fo accumu-
lated that the inllrument can no longer contain
it, it will difeharge itfelf againlt this metal bar,

which will conduCt it under ground. The fame
thing would happen, if the lightning fell upon
the inllrument, and the obferver would be in no
fort of danger, even at the diftanceof a few feet.

When the inllrument is placed in a garden, this

method ol forming a communication with the
ground is fubjeCt to no inconvenicncy

; but if it

fhould be judged proper to employ the inltru-

mcnt *n a h°u fe, (which may be done by making

LI 2 the
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the tin pipe pafs through a hole in the roof, and

placing the inftrument in a garret) the manner

above-mentioned of forming it’s communication

with the earth would not be fo eafily executed :

in this cafe, the communication mud be effected

by means of a bar of metal defeending from the

garret to a depth of fome feet under ground ;

and for greater fecurity againft the too great

proximity of a thunder-ftorm, it would be pro-

per to place the metailic bar in con tail with the

cone of tin : thus the inftrument would become

a real conductor, which, inftead of expofing

the houfe to danger, would, on the contrary,

preferve it from all the accidents that are occa-

lioned by lightning.

When the inftrument is placed in a garret,

or on the platform of a houfe, no inconvenience

is to be apprehended from afeending dews ; but

when it is placed in a garden, the dew adheres

to the rofin which covers the truncated bafe of

the cone, and forming thus a communication

between the cone and the earth, makes the in-

ftrument lofe the electricity with which it may

have been charged. To prevent this accident,

it is ncceffary to pave the ground on which the

inftrument is placed, and that in fuch a man-

ner, that the pavement may extend itfelf on all

fides, at ieaff two or three feet beyond the cir-

cumference
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cumfcrcnce of the lower bafe of the cone : the

riling of the dew, which by adhering to the rofin

might damage the inftrument, will be thus
i 1

J
S • »

effectually prevented.

When the air is electrical, it mult neceffarily

communicate it’s electricity to the vapours which
it contains. This is evident from the formation

of lightning, which is not produced by the dif-

charge of the electrical matter of the air, but by
that of the vapours which float in the atmo-
fphere. Hence it follows, that rain, fnow, hail

milt, and dew, mult be very often electric. As
it appears to Mr. Achard a matter of great con-
fequence to know and obferve exadtly the elec-

tricity of thole meteors, he has conltruded a
machine that is adapted to difeover both it’s na-
ture and degree. T. his machine is compofed of
a truncated tin cone, clofed at the top, open at
bottom, and infulated upon a pedeltal, like that
of the machine employed to mcafure the elec-
tricity of the air. In the center of the upper
tiuncated part of the cone, Mr. Achard fixes
an iron bai terminated by a ball

; he covers the
whole with an infulated glafs receiver, high
enough to have it’s fummit at the diftance of
three inches from the ball which terminates the
iron bar, to which he fallens a very sensible
electrometer, and alfo a linen thread to difeover

the



An Essay on27S

the final left degrees Qf electricity. As this in-

ftrument is but little elevated, and has no pointed

extremity, it is not eaftly charged with the elec-

tricity of the air, which at luch a degree of

proximity to the earth is always imperceptible ;

but rain, fnow, hail, mill, and dew, if they are

electrical, will render it alfo electrical by falling

upon the cone; the degree of electricity is ascer-

tained by the electrometer, which is under the

receiver; and in order to know' whether it be po-

sitive or negative, the obfeiver has only to employ

the method indicated above, in our account of
,

.
/ i

*

the inftrument uled to meafure the eleCtricity of

the air. Befides the ufe of this inftrument in

difeovering the eleCtricity of aqueous meteors,

it may ft ill ferve farther purpofes : it may be

highly ufeful to compare it with the atmofphe-

rical electrometer, in order to difeern the true

principle of the electricity with which it is

charged, and to fee whether it proceeds imme-

diately from the air, or from the heterogeneous

bodies that are fufpended in the atmofphere ;

for the atmofpherical electrometer may alfo be-

come electrical by rain, fnow, hail, or milt ;

and the comparing thefe two inftruments is the

only method that occurs to Mr. Achard by

which we can know, whether it receives it’s elec-

tricity directly from the air, or by the interven-

tion
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tion of bodies (indued with a conducting pow-
er) which are diffufed in it. If, during rain,
hail, fnovv, or mill, the atmofpherical eledtro-
meter is electrical, while that which indi-
cates the electricity of aqueous meteors is not
so, we may conclude, with certainty, that the
eleQricity of the former proceeds only from the
air; if, on the contrary, they are both eleari-
cal, it mud then be inquired, whether they be
fo in the fime degree; if this be the cafe it
is only to the rain or fnow, &c. that the elec-
tricity muff be attributed. I need not obferve
(concludes Mr. Achard) that when there is
neither rain, fnovv, hail, or mid, the atmo-
fphencai electrometer will always indicate the
eJedtricity of the air.

/

/

C H A P.
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CHAR XIII.

On the Diffusion and Subdivisions of

Fluids by Electricity.

E are chiefly indebted to the Abbe Nol-

let for what is known on the lubjeCt

of this chapter, which was inveftigated by him

with incredible induftry and patience. I have

only fubjoined the principal refult of his experi-

ments, and mult refer the reader, for a more

ample account, to the Abbe’s own writings,

or Dr. Prieffley’s Hiftory of EleCtricity.

Electricity augments the natural evaporation

of fluids ;
fince, excepting mercury and oil, all

the others which were tried fuffered a diminution

that could not be afcribed to any other caufe

than eleClricity.

It increafes the evaporation of thofe fluids

molt, which naturally tend to evaporate readily*

Volatile fpirits of fal-ammoniac loft more

than fpirits of wine, this more than water, Szc.

Electricity aCts ftrongeft upon the fluids, when

the velfels which contain them are non-eleCtrics.

The evaporation was greateft in the molt open

velfels, but did not increafc in proportion to

their
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their apertures. It does not make any liquor

evaporate through the pores either of metal or

glafs.

To extend thefe principles further, the Abbe
made a great variety ot experiments on elec-

trined capillary tuixs, and found, that the dream
would be fub-divided, but it is not fenfibly

accelerated, if the tube is not lefs then one tenth

of an inch diameter in the mlide.

Under this diameter, if the tube is wide
enough to let the iluid run in a dream, electricity

will accelerate it’s motion in a ffnall degree.

If the tube is lo far capillary that the water

only ilfues from it in drops, the eleCtrided jet

becomes a continued dream
; it will even be

divided into feveral fmaller ones, and it's motion
is condderably accelerated; the fmaller the
diameter of the tube, the greater is the accele-

ration. When the furface is wider than one
tenth of an inch, electricity feems rather to

retard the motion of the fluid.

From fome very accurate experiments made
by Mr. de Saulfure with his new hygrometer,
it appears, that the foregoing theory, which
alferts that electricity always promotes evapora-
tion, is only true under certain redactions. It

increafes the evaporation from thole bodies
which are fuperfaturated, but docs not occadon

M m any
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any evaporation in thofe which do not contain

a fuperabounding quantity of water.

Experiment clxxxviii.—Fig. 77 reprefents

a. metal phial, to which a capillary tube is adapt-

ed, which will only permit water to pafs through

It in interrupted drops. Fill the pail with water,

and fufpend it from the prime conductor, then

turn the cylinder, and the water will pafs through

the tube ill a continued 11 ream ;
this will feparatc

into other dreams, that will appear luminous

in the dark.

Experiment clxxxix.—Sufpend one pail from

a pofidve conductor, and another from a negative

one, fo that the end of the tubes may be about

three or four inches from each other, and the

dream proceeding from one will be attracted by

that which iffues from the other, and form one

ltream, which will be luminous in the dark.

If the pails arc fufpended on two pofitive, or

two negative conductors, the dreams will recede

from each other.

Experiment cxc.—Place a metal bafon. on

an infulating (land, and connect it with the prime

conductor ;
then pour a fmall dream of water

into the bafon, which in the dark will have a

r beautiful



I

Electricity, 283

beautiful appearance, as the ftream will be

divided into a great number of lucid drops.

Experiment cxci.

—

Dip a fponge in water,

and then fufpend it from the conductor : the

water, which before only dropped from it, will

now fall fall, and appear in the dark like fiery

rain.

Experiment cxcii.—Hold a pail, which is

furnifhed with feveral capillary tubes placed

in various directions, near an electrified conduc-

tor, and the water will ftream out of thofe jets

near the conductor, while it will only drop at

intervals from thofe which are oppofite to it.

Experiment cxciii.

—

The knob of a charged

jar will attract a drop of water from a faucer, &c.
This drop, the moment the bottle is removed
from the faucer, aflumes a conical fhape, and if

it is brought near any conducting fubftance, it is

driven forcibly away infmall ftreams, which are

luminous in the dark.

It appears by this experiment, that the elec-

tric fire not only tends to feparate the particles

of water, and to diflipate them into vapour as

common fire, but that it effects this with uncom-
t

mon rapidity.

Mm2 Experiment
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Experiment cxciv.—Difcharge a battery

through a drop of water, previoufly placed on

the knob of one of it’s bottles; the whole will

be inftantly exploded into vapour; the fparks

will be much longer than common, and more

compact.

Beccaria obferves, that by fending a difcharge

to a greater or lefs diftance, through one or more

drops of quickiilver, the difcharge diffufes ltfelf

into drops, and drives them into vapour
;
part of

it rifing into the air in the form of fmoke, the

other part remains on the glafs.

Experiment cxcv.—A drop of water hanging

from the condenfing ball of an electrified conduc-

tor, will flretch towards water placed in a cup

under it, lengthening and fhortening itfelf

according to the force of the electricity.

Experiment cxcvi.—Place a drop of water

on the prime conductor, turn the machine, and

long zig-zag fparks may be taken from it ;
the

drop will take a conical figure ;
the body that

receives the fpark will be wetted, and the

fpark will be confiderably longer than can be

obtained from the conductor without the water.*

Experiment

* Nicholfon’s Introduttion to Philofophy.
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Experiment cxcvii.

—

Stick a piece of fealing-

wax on the conductor, in luch a manner that it

may be eafily let on fire by a taper
; while it is

flaming turn the cylinder, the wax will become

pointed and {hoot out an almoft inviflble thread

into the air, to the length of a yard and more.

If the filaments that are thrown out by the wax

are received on a fheet of paper, the paper will

be covered by them in a very curious manner,

and the particles of the wax will be fo far fub-

divided as to refemble fine cotton. To faften

the piece of wax conveniently to the conductor,

flick it firft on a fmall piece of paper, then

twift the end of the paper fo as to fit one of the

holes which are made in the prime conductor

;

when it is thus placed, it may be readily fired by

a taper.

Experiment cxcviii.

—

Infulate a fountain

made by condenfed air, and which emits only

one ftream
; elcdlrify the fountain, and the fl ream

will be feparated into a great number; thefe

will diffufe themfelves equally over a large fpace

of ground. By laying a finger upon the conductor,

and taking it off again, the operator may com-

mand either the Angle ftream or the divided one,

at plcafure.

Experiment
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Experiment cxcix.

—

Eledtrify two fmall

Infulated fountains with the different eledtric

powers ; the dreams of both will be difperfed

into very minute particles, which will run

together at the top, and come down in heavy

drops, like a fhower of rain.

C H A P.
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C H A P. XIV.

Of the Electric Light in Vacuo.

Experiment cc.

AKE a tall dry receiver, and infert in the
4 *

top, with cement, a wire with a rounded

end, then exhauft the receiver, and prefent the

knob of the wire to the conductor, and every

ipark will pafs through the vacuum in a broad

flream of light, vifible the whole length of the

receiver, moving with regularity, unlefs it ig

folicited and bent out of it’s way by fome non-

electric, then dividing itfelf into a variety of beau-

tiful rivulets, which are continually dividingand

uniting in a molt pleating manner. If the vellel

is grafped by the hand, at every fpark a pulfation

is felt, like that of an artery, and the fire bends

itfelf towards rhe hand. This pulfation is even

felt at fome diflance from the receiver, and in

the dark, a light is feen between the hands and

the glafs. The dreams of light pafs filently

' through the receiver, becaufe the air is removed,

by whofe vibration found is produced.

from fome experiments made fcveral years

fince by Mr. Willon, with an excellent air-pump

of
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of Mr. Smeaton, he obferved, that very fmall

differences of air occafioned very material dif-

ferences in the luminous effects produced by the

electric fluid ;
for when all the air was taken out

of the receiver, which this pump at that time

was capable of extracting, no electric light was

vifible in the dark. Upon letting in a little air

by a flop-cock, a faint electric light was vifible,

and by letting in a little more air increafed the

light, which again decreafed on letting in more

air ;
till at laft, on admitting great quantities,

it intirely vanifhed. By this experiment it ap-

peared, that a certain limited quantity of air was

neceffary to occafion the greateft luminous effedt.

Experiment cci. — Fig. 82 reprefents an

exhaufted receiver, (landing on the plate of an

air-pump, a b an eledtrified wire difcharging a

flream b r-of the eledtric fluid on the plate of

the air-pump. If the ftratum of air on the out-

flde of the receiver be leffened by the application

of the finger to the receiver, and by this means

an opportunity be given to the fluid on the

outflde to efcape, the fluid within will be impel-

led to that part, as at def It has been inferred

from this experiment, that no repulfive power

exifts between the particles of the eledtric fluid ;

becaufe, if it was in itfelf really elaftic, or

endowed
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endowed with a repulfive power of it’s own, it

is not probable it could pals in an uninterrupted

ftream, as at b c, when the refinance was taken

off ;
it would then fpread wider, and difplay it’s

elaftic power.

It is more confident, fays Dr. Watfon, to

fuppofe, that the repulfion of thefe particles,

which is feen in the open air, is occafioned by

the refiftance of the air, and not by any natural

tendency of the electricity itfelf.

By confidering the experiments made with the

eleCtric fluid in vacuo, we attain a clear idea of

the refinance the air continually makes to it’s

pafiage, and fee that the divergence of it’s rays

is not to be attributed to an imaginary repulfion,

but to the refiftance of the ambient air, for the

divergence ceafes, and the rays unite, when this

refinance is removed.

Experiment ccii.—Before the air was

exhaufied from the receiver, if the wire at the

top of it was eleftrified, a diverging brufh

proceeded from it, about an inch long, but little

of the fiuid paffing off, and even that little

requiring a firong impulfive force to pufii it

forward. On exhaufiing the receiver the follow-

ing changes took place : firfi, the rays of the

brufh became longer ; fecondly, the rays diverg-

N n cd
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ed lefs, were fewer in number, and the Aze of

the remaining rays was increafed ; thirdly, they

all united at lad, and formed a continued column

of light, from the wire to the plate of the air-

pump.

From this experiment it is clear, that the air

rs the agent by which, with the afliftance of

other electrics, we are able to communicate

electricity to clcCfrics, as well as non-electrics ;

for when this is removed, the fluid pervades the

vacuum, and flies off to a conliderable diftance.

Experiment cciii.—-To diflinguifh with great

accuracy the changes in the form and length

of the ele&ric fpark when it is palling through

a receiver, the air of which is more or lefs

rarified ;
fix a ball to the rod, let another

proceed from the plate of the air-pump ; the

balls are to be placed about one inch from

each other. When the vacuum is good, a

Angle uniform ray, of a purple colour, pafles

from one ball to the other ;
but in proportion

as the air is admitted, the ray acquires a

quivering motion, which indicates that a re-

Aftance to it’s motion then begins, and this inter-

ruption is followed by a divifion of the ray of

flream ;
the ray now acquires a more vivid

light ;
and, laftly, it becomes the common fpark,

r which
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which is emitted with greater or Icfs facility,

in proportion to the power of the machine, and

the refiftance of the air.

Experiment cciv.—Prefent a thin exhaufted

flafk, fimilar to that reprefented at E, fig. 49,

but without any coating on the outfide, to the

conductor, and the bottle will be luminous

from end to end, and when taken from the

condudtor, will continue luminous, moving in

various curvilinear directions for a confiderable

time, flafhing at intervals in a manner which

very much refembles the Aurora Borealis. The

light may be revived by palling the flafk through

the hand. The ftroke of the fluid againft the

glafs is very fenfibly heard and felt in this expe-

riment.

The flexuous motions of the electric fluid in an

exhaufted receiver may, in fome degree, be

produced at pleafure. By wetting the outfide

of the receiver, the fire will follow the dire&ion

of the wetted line, as the refiftance is now leffen-

ed on one fide ; and the fire can adhere and

accumulate itfelf on the infide of the receiver,

becaufe, by means of the dampnefs, it can expel

a portion from the outfide.

This experiment may be exhibited very

pleafingly, by making a Torricellian vacuum in

N n 2 a glafs
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a glafs tube about three feet long, and then fealed

hermetically. Hold one end of this tube in the

hand, and apply the other to the conductor, and

immediately the whole tube will be illuminated

from end to end, and will continue fo for a con-

ftdcrable time after it is removed from the

conductor, flafhing at intervals for many hours.

Experiment ccv.— Screw on a ball, of about

an inch diameter, to the rod of the plate of the

collar of leather of an air-pump
;
place this on

a tall receiver ;
conned the exterior part of the

rod with the condudor
;

place fome cylindrical

pieces of metal on the plate of the pump, then

exhauft the receiver in part, and eledrify the

rod at intervals, and luminous jets of fire like

fulminating meteors will fly from the ball to the

cylinders of metal.

Experiment ccvi.—Another beautiful ap-

pearance may be produced in the dark, by infert-

ing a fmall Leyden phial into the neck of a tall

receiver, fo that the outward coating may be

expofed to the vacuum. Exhauft the receiver,

and then charge the phial, and at every fpark

which paftes from the condudor to the infide,

a flafh of light is feen to dart from every part of

the external furface of the jar, fo as to fill the

receiver.
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receiver. Upon making the difcharge, the light

is Teen to return in a dole body.
a

Experiment ccvii.—A very perfed vacuum
for the paflage of the elecffric fluid may be made
by a double barometer, or long bent tubeofglafs

filled with mercury and inverted, each leg hand-

ing in a bafon of mercury ; the bent part of the

tube above the mercury forms a complete vacuum.

If a bottle is difeharged through this fpace, the

light appears uniform through the whole fpace,

but is molt vivid when the difeharges are hrong.

Dr. Watfon infulatcd this apparatus, and then

made one ol the bafons of mercury communicate

with the conductor, and touched the other with

a non-ele&ric ; the electric fluid pervaded the

vacuum in a continued flame, without any diver-

gence : when one of the bafons was connedted

with the infulated cufhion, the fire appeared to

pervade the vacuum in a different direction.
t

Experiment ccviii.

—

Fig. 83 reprefents a

gin f t be, fuch as is generally ufed for barome-

ters ; on the end b a fleet cap is cemented, from
wh\ / a w re and ball c d proceed into the tube.

Fill this tube with quickfilver, and then, by
fending up a large bubble of air, and repeatedly

inverting the tube, free the quickfilver and iron

ball
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ball from air, according to the ordinary mode of

filling barometers ; then place a fmall drop of

aether on the quickfilver, and put the finger on

the end of the glafs tube, and then infert the end

f in a bafon of quickfilver, taking care not to

remove the finger from the end of the tube, till

the end is immerged half an inch under the

filver. When the finger is removed, the quicks

filver will defcend, and the aether will expand

itfelf, leffen the vacuum, and deprefi the

mercury in the tube ;
now prefcnt the metallic

top of the tube to a large charged conductor, and

a beautiful green fpark will pafs from the ball

to the quickfilver. By admitting a fmall quantity

of air into the vacuum, an appearance fomething

fimilar to a falling ftar is obtained. I am indebt-

ed for this valuable experiment to Mr. Morgan,

of the Equitable Affurance Office,

Experiment ccix.—Place the brafs cap of a

well exhaufied receiver, at about half an inch

from the prime conductor, fo that when the

machine is in action, fparks may pafs from the

conductor to the brals cap of the receiver. Mr.

Cavallo, in relating the circumftances attending

an experiment of this kind made by him, ob-

ferves, that when the receiver was exhaufied, the

fpark pafled from the cap to the plate of the

pump
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pump through the receiver, illuminating it’s

whole cavity ; that the vacuum became a better

condu&or of eledlricity in proportion as it was
more perfect, and that the elearic light was
more equally diffufed, but it was by no means
faint when the receiver was exhaufted to the

utmoff 1 he light changed according as the

receiver was more or lefs exhaufted. The ap-
pearances were as follows.

Degree of Rarefaction, Appearances of ths
AS SHEWN H Y THE GaCE. ELECTRIC LlGHT WITHIN

the Receiver.

Air rarified 40 times.

70

'Light in large, long,

but divided ftreams.

Fine diffufed light of

a white colour.

80

100

400
<

Beautiful diffufed light

inclining to red or

purple, and filling

the whole receiver.

fA diffufed light filled

When the gage Ihewed
j equaIly the rcceivcr.

the uimofl degreee
j

it had hard|y any
ofexhauftion,

(_ reddifli hue.*

Sec
* Phil, Tranf, v«l. lxxiii. part ii, p. 451.
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See alfo Experiment 112, 113, 121, 122,

of this Efiay, for further obfervations on

the appearance of the electric light in

vacuo.

C If A R
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CHAP. XV.

Of Medical Electricity.

TpHE Abbe Nollet fays, that he received

A more pleafure when he difcovered that the

motion of fluids in capillary tubes and the in-

fenfible tranfpiration of animated bodies were

augmented by electricity, than by any other

difcovery he had made
; becaufe they feemed to

promife fuch abundant advantages to mankind,

when properly applied by a fkilful hand. But

how much would this pleafure have been aug-

mented, if he had lived to fee his hopes rea-

lized, and this branch of electricity obtain the

fame medical certainty as the bark in inter-

mittents ?

It is true, that like every other fimple me-
dicine which has proved beneficial to mankind,

electricity met with much oppofition from the

interefted views of fome, and the ignorance of

others; has been treated with contempt, and

injured by mifplaced caution. I fhall recom-

mend to thofe who thus oppofe it, not to con-

demn a fubject of which they are ignorant, but

to hear the caufe before they pafs fentence

;

to take lome pains to underfiand the nature of

Go electricity;
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electricity ; to learn to make the electrical ma-

chine act well, and then apply it for a few

weeks to fome of thofe diforders in which it has

been adminifiered with the greateft fuccefs;

and there is no doubt but they would foon be

convinced, that it defcrvcs a diftinguifhed rank

in medicine, which is the offspring of philo-

fophy.

The fcience of medicine and it’s practitioners

have been reproached with the inltability and

fluctuations of praCtice ; at one time cold as the

ice at Zembla, at another hot as the Torrid

Zone ;
that they are led by fafhion, and influ-

enced by prejudice. On this ground it has

been predicted, that however great the benefits

which may be derived from eleCtricity, it would

(till only laft for the day of fafhion, and then

be configned to oblivion. I muft confefs, that

1 cannot be of this opinion, nor eafily led to

think a fet of men, whofe judgment has been

matured by learning and experience, will ever

negleCt an agent, which probably forms the

moft important part of our conflitution. Elec-

tricity is an aCtive principle, which is neither

generated nor deftroyed ; which is every where,

and always prefent, though latent and unobfervea;

and is in motion by night and day, to maintain

an equilibrium that is continually varying. To
give
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give one in fiance, among many, it has been

fhewn, that the rain that defcends in a {form

is firongly impregnated with eleftricity, and

thus brings down what the heated vapours car-

ried up into the air, till the deficiency of the

earth is fupplied from the fuperfluity of the

heavens. A variety of other caufes concur to

vary continually the equilibrium of this fluid

;

as the perpetual inteftine and ofcillatory motion,

which contributes fo much towards carrying on

the operations of nature. Further, if a parti-

cular portion of this fluid is diflributed to every

fubftance, then every alteration of it’s capacity,

which is continually changing by heat or cold,

mull move or operate on it.

As heat, or fire in action, is the firft mover

in the animal machine, and the chief aCtive

principle during it’s exiftence, and as electricity

exhibits fo many phenomena, which cannot be

diftinguiihed from thofe of fire, we are natu-

rally led to conceive high ideas of the impor-

tance of this fluid to medicine. Though the

vital fiate of it is not to be efiimated by the

degree of heat, abfiraCtedly confidered, becaufe

the degree of heat only afcertains the quantity

which is aCting in a peculiar manner.

It is known that this vivifying principle haflens

the vegetation of plants. Myrtle-trees, which

O o 2 were
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were electrified, budded fooner than others 01

the fame kind and fize, and in the fame green-

houfe. Seeds, daily electrified, have {hot. up,

and grown more in three or four days than others

of the fame kind, and alike in all other circum-

fiances, have done in eleven or twelve days.

In the fame manner Mr, Achard has ftiew-n, that

it may be ufed as a fupplement for heat, to

hatch the chicken from the egg. The fuppo-

fition of an ingenious writer is by no means im-

probable, that the vegetating power which is

operating during the whole year in ever-greens,

may arife from thefe trees having more refin

in their compofition, than thofe whofe leaves fall

in autumn, by which they are enabled to attradt

and retain thofe juices which give them their

continual verdure, and fupply, in fome degree,

the abfence of folar heat. This may be inferred

from their natural properties, and is confirmed

by the ftrong eledtric power poflefled by their

leaves. The fame writer thinks, that the fluid

collected in our electrical experiments is only

thofe folar rays that have been difperfed in, and

are arrefted by the earth ; an idea which is

firongly corroborated by the obfervations made

on atmofpherical electricity, and by the deduc-

tions which have been made from the relative

affinities of fire, light, and hear,

O o 2 The
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The agency of this fluid, and it's exiflence in

animated nature, has been fully proved by the

experiments that have been made on the Torpedo

and the Gymnotus EleCtricus ; for the fimilitude

eltablilhed between the electrical fluid of the

Torpedo and that of nature at large, is fuch,

that, in a phylical fenfe, they may be confidered

as precifely the fame. Mr. Hunter has well ob-

ferved, fays Sir J. Pringle, and I think he is the

firft who has made the obfervation, that the

magnitude and number of the nerves bellowed

on thofe eleCtric organs in proportion to their

lize, mull appear as extraordinary as their effects ;

and that, if we except the important organs of

our fenfes, there is no part, even of the moll
perfect animal, which, for it’s lize, is more
liberally fupplied with nerves than the Torpedo

:

nor yet do thefe nerves of the eleCtric organs

feem neceflary for any fenfation that can belong

to them : and with refpedt to aCtion, Mr. Hunter
obferves, that there is no part of any animal,

however flrong and conftant it’s action may be,

which enjoys fo large a portion cf them. If then

it be probable, that thefe nerves are unneceflary

for the purpofe either of fenfation or aeftion,

may we not conclude, that they are fubfervient

to the formation, collection, and management
pf the eledtric fluid ? efpecially, as it appears

_ from
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from Mr. Walfh’s experiments, that the will

of the animal commands the eleXric powers

of it's organs. If thefe reflexions are juft, wc

may with fome probability foretel, that no

difcovery of confequence will ever be made by

future phyftologifts concerning the nature of

the nervous fluid, without acknowledging the

lights they have borrowed from the experi-

ments of Mr. Walfn upon the living Torpedo,

and the direction of the dead animal by Mr.

Hunter.*

A variety of curious faXs clearly evince, that

the eleXric fire is eflentially conneXed with the

human frame, and is continually exerting it’s

influence upon it. Add to this the eafe with

which the natural equilibrium is deftroyed, and

we may readily conceive, that any alteration in

the quantity or intenfity of action of this power-

ful fluid will produce correfponding changes in

the habit or health of the body : the following

is a remarkable inftance of the agency of the

fluid in the human frame, and of the eafe with

which it is put in aXion. Mr. Brydone men-

tions a lady, who, on combing her hair in fiofiy

wTeather in the dark, had fometimes obferved

fparksof fire to iffue from it; this made him

think

* Sir John Pringle’s Difcourfes-, p. 84.,
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think of attempting to collea the electrical fire

from hair alone, without the afliftance of any
other electrical apparatus. To this end, he
defired a young lady to ftand on wax, and comb
her filters hair, who was fitting in a chair before
her

, foon aftei fhe had begun to comb, the younp
lady on the wax was furprifed to find her whole
body electrified, and darting out fparks of fire

again!! every objeCt that approached her. Her
hair was Itrongly eleCtrical, and affeCted an
electrometer at a confiderable diltance. He
charged a metallic conductor from it, and in
the fpace of a few minutes collected a fufficient

quantity of fire to kindle common fpirits, and,
by means of a fmall jar, gave many fmart ftrokes
to all the company.

Mr. Cavallo obtained, by means of a fmall.

condenfing plate, very fenfible figns of electricity

from vanous paits of his own body, and the
head of almoft any other perfon.

When the difeoveries in this fcience, fays Mr.
Brydone, are further advanced, we may find,
that what we call fenfibility of nerves, and many
other difeafes, which are known only by name,
are owing to the bodies being poflelfed of too
large or too fmall a quantity of this fubtle fluid,
which is perhaps the vehicle of all our feelings!
It is known, that in damp and hazy weather,

when
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when this fire is blunted and abforbed by the

humidity, it's aftivity is leffened, and what is

colle&ed is foon diflipated ; then our fpirits are

more languid, and our fenfibility is lefs acute.

And in the fierce wind at Naples, when the air

Teems totally deprived of it, the whole fyftem

is unftrung, and the nerves feem to lofe both

their tenfion and elasticity, till the north-weft

wind awakens the adtivity of the animating

power, which foon reffores the tone, and enli-

vens all nature, which Teemed to droop and

languish in it’s abfence: nor can this appear fur-

prifing, if it is from the different ifate of this fire

in the human body, that the ftrictum and laxum

« proceeds, and not from any alteration in the

fibres themfelves, or their being more or lefs

braced up, (among which bracers cold has been

reckoned one) though the mufcular parts of an

animal are more braced when they are hot, and

relaxed when they are cold.

Mr. Jalabert and Profeffor Sauffure, when

palling the Alps, were caught among thunder-

clouds, and found their bodies full of electrical

fire; fpontaneous flafhes darting from their

fingers, with a crackling noife, and the fenfations

they felt wTere the fame as w?hen ftrongly elec-

trified by art. It feems pretty evident, that

thofe feelings were owing to their bodies con-

. taining
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taining too great a {hare of eleffrical fire ; and

it is not improbable, that many of our invalids

owe their feelings to the oppofite caufe.

The perpetual electricity of the atmofphere

is no longer a problem : the exiftcnce and con-

tinual agency of it in that mats of air which fur-

rounds our globe has been afeertained by nu-

merous clear and decifive experiments, and it

feems by no means improper to infer, that this

fluid cannot exift in the atmofphere without

exerting a certain influence on all the beings

contained in it, and principally on organized

bodies, among which man holds the highefk

rank.

Experiment ccx.—Pafs the charge of a large

jar, or battery, from the head to the back of a

moufe ;
this, if the (hock is fufficiently Prong,

will kill the animal. After it’s death, make the

difeharge in the fame manner, and the fluid will

pafs vifibly over the body, and not through it;

evincing, that the power or medium which

tranfmitted the fhock through the animal, is loft

with it’s life. This experiment is taken from

Mr. Cavallo’s treatife on medical elcftricity.

It’s importance is felf-evident, and it certainly

merits a further inveftigation by thofe who are

P p acquainted
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acquainted with the animal ceconomy, as well

as electricity.

The following experiment fhews, that the

electric fluid pafles through that feries of mufcles

which form the fhorteft paflage for it, and whofe

conducting power, or eledtric capacity, is molt

favourable to it.

Experiment ccxi.

—

Let A grafp a Leyden

phial with his right hand, and touch, with a

brafs rod held in his left hand, the naked right

foot of B ; let the left foot of B communicate

by a brafs rod with the right foot of C ;
let D

with his right hand hold the left ear of C, and

touch the knob of the bottle with his left hand :

A will feel the fhock in the mufcles of the right

hand and arm, of the thorax, and of the left

hand and arm
;
B will feel the commotion in the

mufcles of his right foot, right leg and thigh,

and thofe which are connected with the left

thigh, leg, and foot, while C will perceive it in

that feries which goes from the leg to the ear by

which he communicates with D. The adlion of

the fluid on the human body in the fhock, is the

fame when it pafles through flmilar parts with

the fame denfity. It’s aftion is more extenfive

when the fire is denfefl, and therefore mod in-

tenfe when it meets with any refiflance.

r Afiifled
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A (lifted by a furgeon, Beccaria made feveral

experiments upon the effeCts produced by elec-

tricity on the mufeies in the left leg of a cock.

The mufcles were ftrongly contracted when a

lhock was paired through them, and the con-

traction was always accompanied by a fudden

and proportional levelling of the mufcles, ex-

cepting at the part where the membrane is in-

ferted, which feparates one mufcle from ano-

ther, which was always deprelfed. The mem-
brane which invefted that part of the mufcle

through which the fluid palfed, became dry and

wrinkled, and a vapour arofe from that part

;

when one mufcle was contracted, a general con-

traction took place in thofe that were contiguous

to it, and they were a little convulfed after the

fhock.

In another inflance, where the mufcle was

relaxed and parted from the thigh, on palling

the lhock through it the mufcle contracted itfelf,

and was drawn back into it’s natural place, and

could not be again difplaced but by force; a

circumflance which flrongly manifefls the power

of eiedricity to give tone to a flaccid fibre. Indeed,

when we confider, fays a very fenfible writer,

that the mufcles have been brought into aCtion

by the electric fire
; that it has rendered palfied

limbs plump, and reltored a power of aClion

P p 2 and
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and motion to many, whofe palfies did not

arife from the fpinal marrow
; is it not a con-

vincing proof, that the vital fire is the caufe of

mufcular motion, and that this is the fame

with that which is collected by the electrical

machine ?*

As the fcience of medicine knows of no fpe-

cific, fo we are not to fuppofe, that eleCtricity

will triumph over every di (order to which it is

applied. It’s fuccefs will be more or lefs ex-
JL JL

•

tenfive, according to the difpofition of the fub-

jeCt, and the talents of thofe who direeft it; it

cannot therefore appear furprifing, that many

diforders have been refractory to it’s powers, and

others have only yielded in a final! degree; or,

that the progrefs of the cure has often been

flopped by the impatience, or prejudice, of the

difeafed : but at the fame time, it muft be ac-

knowledged, that even in it’s infancy, when it

had to combat againit fear, prejudice, and in-

tereft, it’s fuccefs was truly great: we have

furely then the highefi reafon to expect a con-

fide rable increafe of luccefi, now that it is cul-

tivated and promoted by profefiional men ol the

fir ft merit.

ExPERI M ENT

* Dr. Cullen fays, that eleftricity, when properly ap-

plied, is one of the moft powerful ftimulants that can be

ufed to aft upon the nervous fyftem of animals.
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Experiment ccxii.—This experiment (hews,

that the electric powers may be put in aCtion by

heat and cold. It was originally made by Mr.

Canton. He procured fome thin glafs balls, of

about an inch and a half diameter, with ftems

or tubes, about eight or nine inches in length,

and eleCtrified them, fome pofitively on the in-

fide, others negatively, and then fealed them

hermetically ; loop after he applied the naked

balls to his electrometer, and could not obferve

the leaft (ign of their being eleCtrical
;

but hold-

ing them at the fire, at the diftance of five or

fix inches, they became (irongly eleCtrical in a

fliort time, and more fo when they were cooling.

Thefe balls would, every time they were heated,

give the eleCtric power to, or take it from other

bodies, according to the plus or minus ftate of

it within them. Heating them frequently di-

minifhed their power, but keeping one of them

under water a week did not in the leaft impair

it. The balls retained their virtue above fix

years. The tourmalin and many other precious

atones are alfo known to acquire eleCtricity by

heat. The tourmalin has always at the fame time

a pofitive and negative eleCtricity
; one fide of

It being in one ftate, the other in the oppofite.

yhefe powers may be excited by friction and

by
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by heat
; nay, even by plunging it in boiling

water.

i

Experiment ccxiii.

—

Infulate a fenfible mer-

curial thermometer, and place the bulb between

two balls of wood, one affixed to the condu&or,

the other communicating with the ground, and

the electric fluid, in pairing between the two

balls, will raife the mercury in the thermometer

conliderably. With a cylinder of about feven

inches and a half in diameter, the fluid paffing

from a ball of lignum vitae to a ball of beech,

and thence to the ground, elevated the quick-

filver in the thermometer, from 68° to iio°,

repeatedly to 105. The thermometer was raifed

from 68° to 85°, by the fluid paffing from a

point of box to a point of lignum vitae; from

67
0 to too", from a point of box to a ball of

box; from 66° to ioo°, from a ball of box to

a brafs point; from 69° to ioo°, from ball to

ball ; the bulb of the thermometer covered with

flannel.

Mr. Morgan, in his examination of Dr. Craw-

ford’s Theory of Heat, was the firff: perfon who

proved, that the mercury in the thermometer

might be raifed by electricity.

The public have long expended, that fome fy fl-

icm of the application of Medical Electricity

would
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would be produced; but the gentlemen, into

whofc hands the chief pra&ice has fallen, know
the fallacy of fyflems too well to hazard any

which is not built on experience.

In a fhort courfe of lectures which were read

on this fubjedl lately by Mr. Birch, fome-

thing like a fyflem was thrown out for the con-

fideration of future electricians. The applica-

tion of electricity to medicine was divided into

three forms; namely, the fluid, the fpark or

friction, and the fhock. The firft mode he con-

sidered to act as a fedative, the fecond he ranked

under the title of a ffimulant, and the laft as

a dcobllrnent. As the diffintions were the

refult of many experiments and much obfer-

vation, they may fafely be adopted for the pre-

fent. That gentleman being now engaged in

the practice of a great hofpital, where his elec-

trical experiments have already gained fome re-

putation, we may hope the fcience will be more
univerfally diffufed, and being taught under the

cautious eye of public ferutiny, we may trull its

merits will foon give it an eflablifhed rank in the

art of healing.

From hence we may perceive, that in medi-
cine, electricity is applicable to pallies, rheu-
matifms, intermittents

; to fpafm, obftruction,

and inflaijnmation. In furgery it has conlider-

able
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able fcope for a&ion ;
where contractions and

fprains, tumours, particularly of the glandular

fort, wafting of the mufcles, and other inci-

dents, form a catalogue of viflble difeafes as

diftrefting to the fight of others as to the patients

themfelves. The gout, and the fcrophula, or

king’s evil, two difeafes which have tormented

mankind, and been the difgrace of medicine to

the prefent time, are ranked among thofe to

which this remedy is ^applicable ;
and in the

commencement of the complaints, 1 am inform-

ed, has been wonderfully fuccefsful. To remove

ill-placed fits of the gout, it fhould feem to be

a more rational application than any medicine,

for it applies directly to the feat of the difeafe,

with a power and rapidity unknown in phyiic,

and perfectly manageable at difcretion ; and, as

it is a remedy which applies to the undcrftanding

as well as to the feelings, I fhould think it better

worth the attention and contemplation of men

of liberal education, than the compounding a

medicine, in which they place little faith, or

applying a plaiftcr, in which they have none

at all.

The fuccefs of eleft-ricity, in relieving the

fufferings of mankind, has been confiderably

promoted, and it’s operations rendeied moic

rapid, fcnfible, and efficacious, by applying it in

different
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different manners and quantities to the human
frame. The modes formerly ufed were the fhock,

fpark, and fometimes, though very feldom, fim-

ple eledrification. Thefe modes are now va-

ried, and their number augmented. The Area

m

of the eledric fluid may, without a fhock, be

made to pafs through any part of the body
; it

may alfo be thrown upon, or extracted from any

part, and it’s adion in each cafe varied, by

caufing the fluid to pafs through materials

which refill it’s paffage in different degrees
; it

may be applied to the naked integuments, or

to the fkin covered with different refilling; fub-

fiances ; and it’s power may be ratified or con-

denfed, confined to one fpot, or applied in a

more diffufive manner, at the diferetion of the

operator.

Ihe apparatus necessary for this purpose

IS SIMPLE, AND CONSISTS OF THE FOLLOWING
ARTICLES :

i. An eledrical machine, with an infulated

cufhion, properly conflruded to afford a con-

tinued and ffrong ftream of the eledrical fluid.

(The machine reprefented in the plate which
faces the title-page of this Effay, is the kind

which Mr. Birch recommended to medical prac-

titioners in his lectures.)

Q q 2. a
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2. A flool with infulating feet, op rather an

arm chair fixed on a large infulating flool. The

infide part of the back of Lhe chair fhould move

on a hinge, that it may occaftonally let down to

eledlrify conveniently the back of the patient

:

the arms of the chair fhould alfo be made longer

than ufual.

3. A Leyden bottle with an electrometer.

4. A pair oflarge directors, with glafs handles,

and wooden points.

5. A few glafs tubes of different bores, fome

of them with capillary points.

To thefe may be added, an univerfal dif-

charger on a large fcale, a pair of fmall direc-

tors with filver wires, and a pair of infulating

forceps.

Fig. 93 reprefents the directors ;
the handles

are of glafs. A is a brafs wire with a ball on it’s

end. The wire of one is bent, for the more con-

veniently throwing the eletric fluid on the eye,

&c. The balls may be unfcrewed from the

wires, and the wooden point B ferewed in

it’s place, or the pointed end of the brafs wire

may be ufed. The directors fhould always be

held by that extremity of the glafs handle which

is fartheft from the brafs, and care fhould be taken

that the heat of the hand does not make them

tnoifl.
» #

i

5
L and



Electricity. 3 ] 5

L and M, fig. 84, reprefent glafs tubes,

through which fmall wires arc made to pais, to

convey the fluid directly to the ear or throat.

Fig. 88 reprefents another glafs tube, o t a

larger fize, the end of which is capillary; a hnall

quantity of rofe water, or any other fluid, is to be

poured into this tube ;
then conned it with the

prime conductor by a wire; turn the cylinder,

and a fubdivided, gentle and refrefhing ft ream

of this fluid may be thrown on the patient.

Fig. 86 reprefents the eledric forceps : fome

gentlemen think it is a very convenient mftru-

ment for communicating a fhock. It’s ufe is

evident from an infpedion of the figure.

Fig. 85 is the medical bottle, furnifhed with

an eledrometer, to limit the force of the fhock,

and enable the operator to give a fucceffive

number of them of the fame force. C is a bent

piece of glafs, on the upper part of which is

cemented a brafs focket D, furnifhed witn a

fpring tube E ;
the wire F moves in this tube,

fo that the ball G may be fet at a convenient

diftance from the ball H. The end I of the

bent piece of glafs is alfo furnifhed with a fpring

tube, which Aides upon the wire h, communi-

cating with the infide of the bottle.

To ufe this bottle, place the ball H in contad

with the condudor, or conned them together

Q^q 2 W



An Essay on316

by a wire, and then charge it in the ufual man-
net. Now, it a wire proceeds from the bail L.

to the outiide coating, the bottle will be dif-

charged whenever the fluid has acquired fuffieient

force to pafs through the fpace of air between the

two bails; confequently the fhock is ftronger in

proportion as the diftance between the two balls

is increafed.

It is oo\ ious, tnat when the elecirometer is

da ns connected, it a61s in the fame manner as a
common difcharging rod, and forms the com-
munication between the outfide and the infide of
the bottle; with this difference only, that the
diflance of the end which is to communicate with
the infide may be limited and regulated.

It has been found more convenient, to fepa-
rate the elecirometer from the bottle, and apply
it to the conductor : fee in the frontifpicce to this

Lifay, where ay b
y reprefents the eledrometer,

c> d> th9 Leyden bottle, fufpended at a final!

do ranee from it
; a glafs tube <?, fy is fixed in this

bottle, a fm all part of the lower end of which is

coated
; two wires pafs through the brafs ball

C on the top of this tube, one of which goes
down to the bottom of the exterior bottle, and
touches it’s internal coating, the other only goes
to the coating of the tube : thefc wires may be
removed at pleafure. The bottle is to be fuf-

pended
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pended to the condudor by the ring, and a

chain or wire is to be fixed to the hook d, at the

bottom.
9

Fig. 1
1 9, pi. V. reprefents the bottle director,

which is hollow and coated like a common bottle,

ading in all relpeds like one, but is convenient

from it’s fhape and fome other circumftances in

giving final 1 fiiocks.

The handles of the directors fliould be care-

fully dried, as alfo the bent piece of glafs C,

and thofe parts of the bottle which are above the

coating. It is likewife needfary to prefs the

ends of the directors againft the part, to convey

the fhock more readily.

big. 87 reprefents an univerfal difeharger

upon a large fcale, with a patient fitting between

the two pillars, one ball reding at A, the other

being placed at B. The convenience of this

apparatus is obvious, from an infpedion of the

figure ; for as the joints have both an horizontal

and vertical motion, and the wires pafs through

two fpring fockets, they may. therefore be placed

in any diredion, and the balls fixed in any re-

quired fituation. bdence, by conne&ing one

wire with a pofitive condudor, and the other

with a negative one
; or one with the bottom of

2 Leyden bottle, and the other with the eledro-

meter
; the fiiock or dream may be conveyed to

any
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any part, with the greateft facility. It is alfo

evident, that a perfon may, by means of the two

joints of this fimple apparatus, ele&rify himfeif

with eafe, (or any patient, conveniently) without

the affiftance of any other perfon ; that is, he

may turn the machine with one hand, while he

is receiving the fluid, or the lhock, by means of

this univerfal difcharger. But this may alfo be

readily effected, by faftening a wire to one of the

conductors, and pinning the other end of it to

one extremity of the part through which you

intend to pafs the fhock, or convey the fluid ;

then conned a director with the other conductor,

and hold it to the other extremity of the part.

If the fituation is fuch as to occafion the wires to

touch the tabic, pafs a fmall glafs tube over themi

which will prevent a dilfipation of the fire.

Electricity may be apflied medically in

THE FOLLOWING DIFFERENT MODES.

Firft, By merely placing the patient in an

infulated chair, and conne&ing him with the

prime conductor; when the machine is in aCtion,

he will be filled with the eledric fluid, which

will be continually diffipated from the points and

edges of his cloaths : and though the effeds of

this are probably too flow to be rendered very

advan-
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advantageous, yet a fedentary perfon might

perhaps derive fome benefit from fitting in an

infulated chair, having before him an infulated

table ; the chair to be connected with the ball

of a large charged jar or battery, by which means

a fmall quantity of the fluid will be continually

pafling through thofe innumerable capillary

vefiejs, on the right Hate of which our health fp

much depends.

2. By throwing the Fluid upon, or ex-

tracting it from a Patient, by Means of

a wooden Point.

This may be effected in a twofold manner :

ifl, By inflating the patient, and connecting

him either with the cufhion or the pofitive

prime conductor, the operator prefenting the

point. 2nd, Let the patient fland upon the

ground, and the wire of the dire&or be connect-

ed either with the pofitive or negative parts of
the machine. The fenfation produced by the

fluid when acting in this manner, is mild and

pleafing, refembling the foft breezes of a gentle

wind
;
generating a genial warmth, and promot-

ing the fecretion and diffipation of tumors, in-

flammations, &c.

3. By
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3. By the Electric Friction.

Cover the part to be rubbed with woollen clot h

or flannel. The patient may be feated in an

infulated chair, and rubbed with the ball of a

director that is in contact with the conductor :

or he may be connebted with the conductor,

and rubbed with a brafs ball which commnnicates

with the ground. The friction thus produced

is evidently more penetrating, more adtive, and

more powerful, than that which is communicated

by the flefh brufh ; and there is, I apprehend,

very little fear of being thought too fanguine,

if I aflert, that this, when ufed but for a few

minutes, will be found more efficacious than the

other, after feveral hours application.—EleCfri-

city applies here with peculiar propriety to fpafm,

pleurify, and fomc flages of the pally, and in

every cafe anfwers the end of blilfering where

the di {'charge is not wanted, being the moil fife

and powerful ftimulant we know.



Electricity. 321

4, By TAKING STRONG S.PARKS FROM THE

Patient.

Here, as in every other cafe, the operator may
conned the ball of the director with the pofuive

or negative condudor, or he may conned the

patient with either of thefe and the ball with the

ground ; now it is clear from what has been

already laid down, that if the diredor be con-

nected with the pofitivc condudor, the fluid is

thrown upon the patient, if with the cufhion

the fluid is extraded from him. Let the patient

be infulated, and the action is in fome meafure

reverfed ; if he is joined to the negative conduc-

tor or culhion, he will receive a fpark from a

perfon handing on the floor ; but if he com-

municates with the pofitive condudor, he will

give the fpark to the perfon on the ground.

5. By causing a Current of the Electric

Fluid to pass from one Part of the

Body, and thus confining and concen-

trating it’s Operation without com-

municating the Shock.

Rr riacc
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Place the patient in an infulated chair, and

touch one part of the body with a director, join-

ed to a poiitive condudor ; then with a brals

ball communicating with the ground, touch

another part, and when the machine is in adion

the fluid will pafs through the required part,

from the conductor to the ball ; the force of the

ftream will be different according to the ffrength

of the machine, &c. Or conned: one director

with the cuffiion and the other with the pofitive

conductor, and apply thefe to the part through

which the fluid is to pafs, and when the machine

is in adion the eledricity will pafs from one ball

to the other. It is not neceffary to infulate the

patient in this cafe.

6. Be the Shock.

Which may be given to any part of the human

body, by introducing that pait ot the body into

the circuit which is made between the outfide

and in fide of the bottle. This is conveniently

effeded, by conneding one diredor by a piece

of wire with the eledrometer, and the other

with the outfide of the bottle ;
then hold the

diredors by their glafs handles, and apply the

balls of them to the extremity of the parts through

which
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which the fhocks are to be pafled. The force

of the (hock, as we have already obferved, is

augmented or diminilhed by increaling or leffen-

ing the diftance between the two balls, which

muft be regulated by the operator to the ftrength

and fenfibility of the patient. When the little

bottle with the glafs tube is ufed as a common
bottle, both wires are to be left there, and the

fhock is communicated by two directors, one

connected with the bottom, the other with the

top by means of the electrometer. (See the

plate facing the title-page of this Eflay.) The
operator will often find himfelf embarraffed in

giving fmall fhocks, the fluid palling from the

conductor to the ball of the electrometer, inftead

of going through the circuits he defires : when
this happens, which may be known by the chat-

tering noife of the fpark in palling to the electro-

meter, the refiflailce formed to the difeharge is

fo great, that the fluid cannot force it’s way

through the circuit
; to remedy this, and leflen

the rcfiflance, pafs two metallic pins through

the cloathing, fo that they may be in contact

with the fkin, which will leflen the rcfiflance and

conduct the fluid.

7. ByR r 2
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7. By a Sensation between a Shock and

the Spark, which does not communi-

cate that disagreeable Feeling attend-
• 9

ING THE COMMON SHOCK.

This is effected by taking out the long wire

from the fmall medical bottle, and leaving the

fhorter one which is connected with the tube in

it’s place, the directors to be connected and ufed

as before. In leffening this vibratory fliock the

electrometer may be drawn to a much greater

diftance ;
for the rapidity with which the charge

of the bottle fends forward the charge of the

tube, is fufficient to overcome the refinance of a

large body of air. The effed of this fpecies of

fhock, if it may be called one, is to produce a

great vibration in the mufeuiar fibres, without

inducing that pungent fenfation which the fliock

effeds. It is therefore applicable to fomc ftages

ofpalfy and rheumatifm ; it may alfo ferve as

an artificial means of exercife.

8. By the Bottle Director.

Infulate the patient, and place the ball g in

contad with him, by which means this diredor

is
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is charged. Now if a wire is conveyed from the

bottom of this to the top of another director,

the bottle director, fig, 119, plate V. will be

difeharged whenever the ball h is brought in

contad with the patient, fo that by bringing it

down with rapidity any number of (mail (flocks

may be procured in a minute. Or connect the

infulated patient with the top or infide of a large

charged jar, and then this apparatus ufed in the

foregoing manner will difeharge, from thelarge jar

at each fpark, it’s own contents, and by repetition

difeharge the whole jar ; thus a number of (hocks

may be given without continually turning the

machine, or employing an affiftant.

9. By passing the wthole Fluid contained

in the Leyden Phial through a diseased

Part without giving the Shock.

Conned a director, by means of a wire, with

the ball of a Leyden jar; charge the jar either

completely or partially, and then apply the ball

or point of the conductor to the part intended

to. be eledrified, and the fluid which was con-

denfed in the phial will be thrown on the part

in a denfe (low ftream, attended with a pungent

fenfation, which produces a conliderable degree-

5
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of warmth. If a wire that communicates with

the ground is placed oppofite to the end of the

dire&or, the palfage of the fluid will be rendered

more rapid, and the fenfation ftronger. Or

infulate the patient, conned him with the top of

ajar, charge this, and then apply a metal wire

or piece of wood to the part through which you

mean to make the fluid pafs. It is obvious, that

in this cafe the circuit between the inlide and

the outiide of the jar is not completed, therefore

the ihock will not be felt. The condenfed fluid

pafles in a denfe flow ftream through the required

part, while the outfide acquires a fufficient

quantity from fubftances near it to reftore the

equilibrium.

It is in all cafes moft advifable to begin with

the more gentle operations, and proceed gra-

dually to increafe the force, as the ftrength and

conftitution of the patient, or the nature of the

diforder requires. The ftream from a wooden

point, a wooden ball, or brafs point, may be

ftrft ufed ;
fparks, if neceffary, may then be

taken, or fmall fbocks given.

In rheumatic cafes, the eledric fridion is

generally ufed. If the pains are local, fmall

fnocks may be given. To relieve the tooth-ach,

very fmall {hocks may be palled through the

£ooth ;
or, cover the part affeded with flannel,

and
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and rub it with a director, communicating with

the machine.

In inflammations, and other diforders of the

eyes, the fluid fhould be thrown from a wooden

point : the fenfation here produced is that of

a gentle cooling wind; but, at the fame time,

it generates a genial warmth in the part affedted.

In palfies, the electric friction and fmall Ihocks

are adminiflered. Streams of the fluid fhould

always be made to pafs through the affected part.

The only treatife we have yet had from the

Faculty, on the fubject of Medical Eledtricity,

is a pamphlet intitled, “ Confiderations on the

Efficacy of Eledtricity in removing Female Ob-
ftrudtions,” by Mr. Birch; to whom I am
indebted for a variety of important obfervations

and practical remarks on the different branches

of eledtricity ; and if it’s merits were to be con-

fined to this difeafe alone, (in which it may be

reckoned a fpecific) it would be intitled to the

attention of pradtitioners ; but we have reafon to

expedt much more from it, fince the prejudices

of the Faculty feem removed, and the pradtice

is becoming more general every day.

C H A P.
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CHAP. XVI.

Miscellaneous Experiments and Observa-

tions.

THE difpute concerning the preferable utility

of pointed or knobbed conduflors, for fe-

curing buildings from lightning, occafioned the

fetting up a more magnificent apparatus than

had ever appeared before. An immenfe conduc-

tor was conftrudled, at the expence of the

Board of Ordnance, and fufpended in the Pan-

theon, under the direction of Mr. \\ ilfon. It

confided of a great number of drums covered

with tin-foil, which formed a cylinder of about

155 feet in length, and more than 16 inches in

diameter ; and to this vaft conductor were oc-

cafionally added 4800 yards of wire. The elec-

tric blah from this machine fired gun-powder in

the moff unfavourable circumftances, namely,

when it was drawn off by a fharp point. The

method of doing it was as follow s : upon a ftafi

of baked wood a ffem of brafs w as fixed, which

terminated in an iron point at the top ;
this point

was put into the end of a fmall tube of India-

paper, made fomewhat in the form of a car-

tridge.
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tridge, about an inch and a quarter long, and

two tenths of an inch in diameter, when the

cartridge was filled with common gun-powder

unbruifed ; a w ire, communicating w ith the

earth, was then fattened to the bottom of the

brafs ftem. The charge of the great cylinder

being continually kept up by the motion of the

wheel, the top of the cartridge was brought

Very near the drums, fo that it frequently

touched the tin-foil with which they were

covered. In this fituation, a fmall, faint, lumi-

nous ttream w^as frequently obferved between the

top of the cartridge and the metal. Sometimes

this ttream w'ould fet fire to the gun-powder the

moment it was applied
; at others, it would

require half a minute or more before it took

•effedt. This difference in time was luppofed

to be owing to fome fmall degree of moitture in

the powder, or the paper.

Gun-powder may alfo be fired by a ttream

from a large charged Leyden jar, in the following

manner

;

Experiment ccxiv.—Fix a fmall cartridge

on a metallic point, which is fitted to a wooden
or glafs handle ; make a communication from
the wire to the ground, then prefent the cartridge

to the knob of the phial, and the gun-powder

S f will



An Essay on33°

will be fired by the paflage of the electric ftream

through the cartridge. Tinder, or touch-wood,

placed in a metal cup, may be lighted by palling

the Itream from the inlide of the jar through

them, as in the foregoing experiment, without

completing the circuit.

As it therefore appears, that the ele&ric fluid,

when it moves through bodies, either with great

rapidity, or in great quantities, will fet them on

fire, it is fcarce difputable, that this fluid is the

fame with the element of fire.

Experiment ccxv.— To fire the fmall elec-

trical cannon, charge it with gun-powder in the

ufual manner, then fill the ivory touch-hole with

gun-powder, ram it well down, and pufli the

brafs pin down, fo that the end of it may be

near the bottom of the hole ;
make a communi-

cation between the outfide ot a large charged

jar or battery and the body of the cannon, by

placing one end of the difeharging rod on the

pin which pallcs down the touch-hole, and bring

the other end to the knob of the jar, and the

difeharge will fire the powder.

Experiment ccxvi.—Fig. 89 is a perfpeCtive-

view of the powrder-houfe ;
the lide of the roof

next the eye being omitted, that the inlide may

be
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be more conveniently fecn. The front of this

model is fitted up like the thunder-houfe, and

is ufed in the fame manner ;
the fides of the

houfe, the back, and fore-front, are joined to the

bottom by hinges; the roof is divided into two

parts, which are alfo fattened by hinges to the

fides ;
the building is kept together by a ridge on

the roof; when the roof is blown up, it will fall

down with the fides, the back, and fore-front. To

ufe this model, fill the fmall tube a with gun-

powder, and ram the wire c a fmall way in the tube,

then conned the hook e with the bottom of a large

jar or battery ; when the jar is charged, form a

communication from the hook d to the top of

the jar; the difeharge will fire the powder, and

the explotton of the gun -powder will throw off

the roof, and the fides, the fore and back fronts

will then all fall down.

Fig. 90 reprefents a wooden pyramid, de-

figned to (hew the experiments which are made

with the thunder-houfe, and is ufed in the fame

manner. When the piece a is thrown out by

the difeharge, the upper part of the pyramid

falls down.

Experiment ccxvii.—Fix the ladle I, fig. 33,

into a hole at the end of the condudor. Place

a brOfid piece of camphor in the ladle, fet the

S f 2 upper
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tipper furface of the camphor on fire, let it bum
fome time, then extinguifh it, and put the ma-
chine in adion ; the upper furface of the cam-
phor will throw out a variety of fmall fhoots,

and have the appearance of an imperfect vegeta-

tion, which is foon difperfed in the air if the

machine is continued in ad ion, but will laft

fome time if the cledrization is flopped as

foon as the (hooting of the camphor has taker*

place.

Experiment ccxviii.—Wrap fome loofe cot-

ton, which has been previoufly rolled in fine

powder of yellow refin, round one of the balls

of a difeharging rod, and hold the other end

to the outward coating of a charged jar; then

bring the knob with the relin towards the ball

of the jar, and the explofion will fire the refin,

and this will communicate the flame to the cot-

ton.

Fig. 91 reprefents the inflammable air lamp,

invented by Mr. Volta. A is a glafs globe to

contain the inflammable air, B a glafs bafon, or

refervoir, to hold water
; D is a cock, which is

to form occafionallv a communication between

the refervoir of water B, and that of air A ; the

water paffes into the latter through the metal

pipe gg, which is fixed to the upper part of the

refervoir
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refervoir A; as s is a fmall cock, to cut off, or

open a communication with, the air in the ball,

and the jet K. N is a fmall pipe to hold a piece

of wax taper, L a brafs pillar, on the top of

which is a brafs ball
; a is a pillar of glafs, fur-

nifhed at top with a focket ; a wire b Hides in

this focket, a ball is ferewed on to the end of the

wire. F is a cock, by which the ball A is filled

with inflammable air, and which afterwards

ferves to confine the air and the water that falls

from the bafon B into the ball A.

To ufe this inflrument, after having filled

the refervoir A with pure inflammable air, and
the bafon with water, turn the cocks D and S,

and the water which falls from the bafon B will

force out fomeof the inflammable air, and caufe

it to pafs through thejet K into the air. If an
cledric fpark is made to pafs from the brafs ball

m to the brafs ball 7z, the inflammable jet, which
pafles through the pipe K, will be fired. To
extinguifh the lamp, fhut firft the cock S, and
then the cock D.

To fill the refervoir A a with inflammable air,

which is to be made in the ufual manner, and
with the ufual apparatus, having previoufly filled

A with water, place the foot R under water, on
a board or ftool in a large tub of water, that the
bent glafs tube, through which the inflammable

air
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air pa Acs, may pafs commodioufly under the foot

of the lamp ;
when the air has nearly driven out

all the water, turn the cock F, and the apparatus

k ready for ufe. This inftrument is convenient

to preferve a quantity of inflammable air ready

for any occailonal experiment, as charging the

inflammable air piftol, &c. It is alfo convenient

to light a candle for (Economical purpofes, as

the finalleft {park from an eleftrophorus, or a

final 1 bottle, is fuflicient to Are the air.

A fmall battery of inflammable air piflols is

occaflanally made, that affords confidcrablc

amufement ;
as either one piftol, or the whole

together, may be fired at the pleafure ot the

operator.

The following experiment was made by Mr.

Kinnerfty with his electrical thermometer, which

is defcribed in page 48 of this Eftay.

)

Experiment ccxix.

—

Having put fome tin-

ged water into the large tube, he placed the two

wires within the tube in contact, and pafled a

large charge of electricity from above thirty

fquare feet ot coated glafs, which produced no

rarefaction in the air, and fhcvved that the wires

were not heated by the fire patting through

them. When the wires were about two inches

afunder, the charge of a three-pint bottle, dart-
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ing from one to the other, rarefied the air very

evidently. The charge of a jar, which contained

about five gallons and a half, darting from wire

to wire, occafioncd a very confiderable expan-

lion in the air ;
and the charge of a battery of

thirty fquare feet of coated glafs would raife the

water in the fmall tube quite to the top : upon

the coalefcing of the air, the column of water

inflantly fubfided, till it was in equilibrio with

the rarefied air; then gradually defcending

as the air cooled, fettled where it. flood before.

By carefully obferving at what height the de-

fcending water firft flopped, the degree of rare-

faction might be eafily difcovered.

Experiment ccxx.—Take a glafs tube, about

four inches long, one quarter of an inch in dia-

meter, and open at both ends ; moiflen the in-

lide of the tube with oil of tartar per deliquium,

then fix two pieces of cork into the ends of the

tube, and pafs a wire through each cork, fo that

the ends of the wires which are within the tube

may be about three quarters of an inch afunder.

Conned one wire with the outfide coating of a

large jar, and form a communication from the

other to the ball of the jar, fo as to pafs the dif-

charge through the tube; repeat this feverai
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times, and the oil of tartar will very often give

manifeft figns of cryftalization.*
0

Experiment ccxxi.—Charge a Leyden phial,

(the top of which is cemented into the bottle)

place it upon an infulated ftand, and then take

hold of it by the ball, and prefent the coated

furface towards the condenfing ball of a prime

conductor while the cylinder is charging, and

a large brufh and fpark will pafs between the

coating of the bottle and the ball of the con-

ductor, from four to twelve inches and upwards

in length.

Experiment ccxxii.

—

Take fome of the pow^
der of Canton’s phofphorus, and by means of a

little fpirit of wine, ftick it all over the infide

of a clean glafs phial, then flop the bottle, and

keep it from the light. To illuminate this

phofphorus, draw feveral ftrong fparks from the

conductor, keeping the phial about two or three

inches from the fparks, fo that it may be ex-

pofed to their light; the phial will afterwards

appear luminous, and remain fo for a confidcr-

abk time.

Experiment

* Cavallo on Medical Eleftricily, p. 1 17.
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Experiment ccxxiii.—Cut out in pafteboard,

or foft wood, the figure of a crefcent or any of

the planets ;
cover this equally with the white

of an egg beat up till it is quite fmooth, over

which fift the phofphorus through a fine lawn

lieve, then let it dry, and blow off all that is

not fixed by the egg. To make the experi-

ment, place the objcdt in the communication

between two directors, and dilcharge the jar,

when the whole will become beautifully lumi-

nous ;
care muft however be taken to hold the

directors at a little diltancc above the phof-

phorus, for if it paffes through it, the whole

of the powder in the track of the fluid will be

torn off.

Place a fmall key on the phofphorus, and dif-

charge a Leyden phial over the phofphorus, and

then throw the key off from it, and when it is

exhibited in the dark, the form of the key and

all it’s wards will be perfectly feen.

As the experiments on phofphorus are in

themfelves exceedingly curious, and appear to

me to be intimately connected with the nature

of electricity, I hope I fliall not be thought to

have deviated too far from the fubjeft of this

Effay, by introducing fome experiments of Mr.

Wilfon on this fubjeft; the more fo, as the pro-

ducing the prifnatic colours is by no means dif-

T t ficult.
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ficult, as little more is required than a few

oyfter-fhells, and a good lire of any kind. For,

if thole Ike 11s are thrown carelefsly into the mid-

dle of the fire, and continued there for a proper

time, (which may be for ten minutes, a quarter,

half, or three quarters of an hour, according to

the thicknefs and compabtncfs of the fhells, and

the degree of fire they are expofed to) they will

exhibit lively prifmatic colours, after they are

removed from the fun into the dark fuddenly,

and the eyes have been previoufiy. prepared a

little to receive them. Mr. Wilfon excited alfo

the light of thefe fhells with ele&ricity in the

following manner.

Experiment ccxxiv.

—

He placed upon a me-

tal Hand, which was rounded at top, and about

half an inch in diameter, a prepared (hell, that

would exhibit the prifmatic colours very lively

on the upper furface of this {hell, and near the

middle, where the colour-making parts predo-

minated, he brought the end of a metal rod, and

then conne&ed the two metals properly with the

coatings of a charged phial, in order to difcharge

the fluid. In this circuit there was left, defign-

edly, an interval of about three inches, unoccu-

pied by metal, and next one lide of the glafs

;

the difcharge was made by completing the cir-

cuit
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cuit with metal where the interval was left. The
(hell, at that inftant, was lighted up to an ex-

ceeding great advantage, fo that all the colours

appeared perfectly diftindt, and in their refpec-

tive places, anfwering to their different colour-

making parts. Thefe colours continued vifible

feveral minutes, and when they ceafed to appear,

a white purplifh light occupied their places,

which lafted for a confiderable time. And not-

withffanding this experiment was repeated with

the lame and other fhells, the colours continued

in their refpective places, and nearly of the fame

degree of brilliancy
; excepting, that in or near

thofe parts where the explofion took place a few

feales were driven off.

Experiment ccxxv.

—

Which proves, that

bodies of the fame nature, but of different vo-

s lumes and different maffes, are charged with

electrical matter only in proportion to their fur-

face, without any influence or concurrence of

their maffes in this cafe.

The following experiment, which we fhall

give in Mr. Achard’s own words, feems to de-

cide this queffion, on which philofophers have

entertained very different opinions.

I electrified (fays he) a cylindrical, hollow

brafs conductor, feven inches long, and one and

T t 2 a half
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a half in diameter: when it had acquired forty

degrees of electricity, I drew from it a fpark,

with a conduftor of hollow brafs, of feven inches

long, and one and a hall in diameter, which

weighed eight ounces, and was carefully infu-

latcd. The firft conduflor loft fifteen degrees

of it’s electricity. I repeated the fame experi-

ment, when the conductor had thirty degrees

of electricity, and then it loft ten degrees. Fi-

nally, when the conductor had twenty degrees

of electricity, it lott only feven by it’s inftan-

taneous contact! with the fame cylinder. After

having filled this cylinder with lead, which pro-

duced an addition of five pounds to it’s weight,

and confcquently to it’s mafs, I repeated the

fame experiments, and obtained from them the

very fame refults.

This is followed by other experiments, w hich

are a further confirmation of Mr. Achard’s

opinion.

Thefe experiments fhew, iff. That bodies of

an equal furface, but different in mafs, when

they are placed in the fame circumflances, are

charged with an equal quantity of electrical mat-

ter; and 2dly, That bodies equal in mafs, but

different in extent of furface, when they are

placed in fimilar circumflances, are charged

with an unequal quantity of eleflrical matter,

and
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and that the body, whofe furface is larger, re-
ceives more than that whofe furface is lefs.

Therefore, it is in proportion to then* furfaces

and not to their mafs, that bodies are charged
with a greater or lefs quantity of the eledirical

fluid.

Before thefe experiments were made, it had
been obferved, that the extreme fubtility, and,
in mofl cafes, in v ifibility of the cleClric fluid

rendei all reaioning about it’s motion preca-
rious. It is however incredible, that this fluid,

fliould pafs through the very fubflance of me-
tallic bodies, and not be retarded by their folid

particles. In thofe cafes, where the folid parts of
metals are evidently penetrated, i. e. when wires
arc exploded, there is a manifeft refiflance, for
the parts of the wire are feattered about with
violence in all directions.

The like happened in Dr. Prieflley’s circles,

made on fmooth pieces of metal. Part of the
metal was alfo difperfed and thrown off, for the
circular fpots were compofed of little cavities.
If therefore the fluid was difperfed throughout
the fubflance, and not over the furface of the
metal, it is plain, that a wire, whofe diameter
is equal to one of thofe circular fpots, ought alfo
to have been deflroyed by an explofion of equal
flrength fent through ir ; whereas a wire, whofe

diameter
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diameter is equal to one of thofe fpots, would

without injury conduct a (hock much greater than

any battery hitherto conftruCted could give. It

is molt probable, therefore, that though violent

tlafhes of electricity, which a£t alio as fire, will

enter into the fubftance of metals and confume

them, yet it immediately difperfes itfelf over their

furface, without entering their fubftance any

more, till being forced to collect itfelf into a

narrow compafs, it again acts as fire.

In many cafes the electric fluid will be con-

ducted very well by metals reduced to a mere

furface. A piece of white paper will not con-

duct a fhock, without being torn to pieces, as

it is an eleCtric fubftance ;
but a line drawn on it

with a black lead pencil will fafely convey the

charge of feveral jars. It is impofiible we can

think, that the fire here paffes through the

substance or the black lead ftroke ; it muft run

osrer it's furface; and if we conlider foine of

the properties of metals, we fliall iind that there

is great rcafon to fuppofe, that theii conducting

power lies in their furface.

Fig. 92 reprefents a fmall glafs tube, flopped

at one end with a piece of cork ; k is a wire

which paffes through a piece ol cork, fitted into

the other end of the tube ;
the upper part of the

wire is furnifhed with a brafs ball ;
the end of

the
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the wire within the tube is bent at right angles
to the reft of the wire.

Experiment ccxxvi.—Take out the tipper
cork and wire; pour fome fallad oil into this
tube, and then fit in the cork, and pufii down
the wire, fo that the end of it may be near or
rather below the furface of the oil

; prcfent
the ball towards a prime condudor, holding the
finger or any other non-conductor oppofite
the bent end of the wire, and when a fpark
pafies from the condudor to the brafs hall,
another will pafs from the end of the wire,
and perforate the glafs

; the oil will be curioufiy
agitated.

This experiment appears more beautiful when
it is made in the dark. After the fin'd hole is
made, turn the end of the wire - round towards
another part of the glafs tube, and a fecond hole
may be made in the fame manner. This experi-
ment was communicated to me by the Rev. Mr.
Morgan, of Norwich, who has carried it much
fanner, by filling fmall bottles with cement, and
then palling the /hock in a fimilar mode through
them. The perforation may be made with water
in the tube inflead of oil.

Mr. Lullen produces very confiderable effects
ky paffmg the ftiock through wires that were

^ inferred
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inferted in tubes filled with oil. The fpark

appears larger in it’s paflage through oil, than

when it pafles through water.

Mr. Vilette fil led a difh of metal with oil, and

when he had eleBrified the difh, he plunged

a needle into the oil, and received a very llrong

fpark as foon as the point of it came within a

fmall diftance of the difh. A fmall cork ball

being made to fwim in this oil, upon the ap-

proach of the thick end of the lialk of a lime,

it plunged to the bottom, and immediately rofe

up again.

Analogous to this experiment of Mr. Morgan

are fome obfervations of Dr. Prieftley, who

conftantly found, that whenever he had covered

the fractured place of a jar with any kind ol

cement or varnifh, it always broiee at the place

where the cement terminated ;
there the glafs was

perforated, and a new fracture was made, which

had no communication with the former. The

jar always broke at the firffc charge, generally

before it had received half it’s charge. Struck

with this phenomenon, the Docdor proceeded to

try the experiment on a jar which was not biokcn,

and whofe ftrength he had previoufiy afcertained

by repeated difcharges : he took oil a little of

the outfidc coating, and put on the glafs a patch

of cement, about an inch in diameter, then

drawing
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drawing the coating over it, he charged the jar;

but before it had received half it’s charge, it

burlt by a fpontaneous explofion, not indeed at

the termination, but at the middle of the patch

of cement, where the glafs was thinned. He
covered another entirely with cement, and it

bioke near the bottom, where the glafs is gene-*

rally thickcft. A jar that was covered entirely

both infide and outlide with cement, and then

coated with tin-foil, burlt at the very fidt

attempt to charge it.

Experiment ccxxvii.

—

The magic pidure is

a coated pane of glafs, proper to anfwer the
purpole of the Leyden experiment; over the
coating on one fide is palled a picture, on the
other lide a piece of white paper is palled, fo as
to covei the whole glafs

; it is then put into a
frame, with the picture uppermolt, and a
communication is formed from the tin-foil of the
under fide to the bottom rail of the frame of the
picture, which rail is covered with tin-foil.

Lay the picture on the table, with the print
uppermofi, and a piece of money on it

; let a
chain fall from the conductor to the print, turn
the cylinder, and the plate of glafs will foon
be charged

; now take hold of the pi&ure by
the top rail, and let another perfon take hold

U u of
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of the bottom rail, and endeavour to take off the

piece of money ;
in doing this they will receive

a ffiock, and generally fail in the attempt.

Experiment ccxxviii.—Put a quantity of

brafsduft into a coated jar, and when it is charged

invert it, and throw fome of the duft out, which

will be fpread in an equable and uniform manner

on any flat furface, and fall juft like rain or fnow.

May it not be queftioned, fays an ingenious

writer, whether water, falling from the higheft

region of the clouded atmofphere, would not

meet the earth in much larger drops, or in

cataracts, if the coalefcing power of the drops

was not counteracted by their eleClric atmo-

fphercs ?

Experiment ccxxix.— Place a piece of fmok-

ing wax-taper on the prime conductor ; turn the

cylinder ; the volume of fmoke will become

more contracted, and it’s motion upward ac-

celerated. Take off the eleCtricity of the con-

ductor, and fufpend a pair of pith balls over it,

and about five feet difiance from it, turn the

machine, and in a few feconds the balls will

open half an inch ; remove the taper, and the

balls will not feparate.

This
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This experiment, therefore, clearly evinces,

that fmoke is a conductor of elettrici tv.

Experiment ccxxx.—Take a round board,

well varnifhed, and lay on it a chain in a fpiral

form
; let the interior end of the chain pafs

through the board, and conned: it with the

coating of a large jar; fix the exterior end to a

difeharging rod, and then difeharge the jar
; a

beautiful fpark will be feen at every link of the

chain. The illuminations to be produced by a

chain arc capable of an infinite variety of modfo
fications.

Experiment ccxxxi.—Place fpots of tin-foil
at equal diftances from each other, on a piece of
bent glafs, and let the ends of the glafs be fur-
nilhed with brafs balls, and a glafs handle be fixed
to the middle of the bent glafs. The inftrument
wilMerve as a difeharger, and at the fame time
exhibit, at each reparation of the tin-foil, the
dedric light.

I made feveral of thefe luminous difeharging
rods, many years lince, in order to Ihew, that
the electric fluid iffues from the negative and
pofitive coating of each difeharge, agreeable to
the idea conveyed by Mr. Atwood’s experiments

;

lee Exp. 120, 121,122, of this Eflhy. But I

U u - foon
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foon found, that the circuit of a discharging rod

was not Efficiently extenfive for the purpofe.
t

Experiment ccxxxii.—Fig. 98 reprefents

feveral fpiral tubes, placed round a board
;
a

glafs pillar is fixed to the board, and on this

pillar is cemented a metal cap, carrying a fmall

fieel point ;
a brafs wire, furni Hied with a ball

at each end, and nicely ballanced, is placed on

this point: place the middle of this wire under

a ball proceeding from the condu&or, fo that it

may receive a continued Ipark trom the ball, then

give the wire a rotative motion, and the balls

in revolving will give a fpark to each ball of the

fpiral tube, which will be communicated from

thence to the board ;
forming, from the bril-

liancy of the light and it’s rapid motion, a very

pleafing experiment.

All thefe experiments on the interrupted fpark

may be pleafingly and beautifully varied, and the

fpark made to appear of different colours, at the

pleafure of the operator.

Experiment ccxxxii i.—Sufpend a light cork

ball, which is covered over with tin-foil or gold-

leaf, by a pretty long lilk thread, fo as juft to

touch the knob of a charged jar placed on a table

;

it will be firft attracted and then repelled to

fomq
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fome distance, where, after a few vibrations, it

will remain at reft. If a lighted candle is now

placed at fome diftance behind it, fo that the

flame of the candle may be nearly as high as the

knob of the phial, the cork will inftantly be

agitated, and, after fome irregular motions, will

deferibe a curve round the knob of the phial, and

this it will continue to do for fome time.
}

%

Fig. 96 and 97 reprefent an electrometer,

nearly fimilar to that contrived by Mr. Brooke.

The two inftruments are fometimes combined

in one, or ufed feparately, as in thefe figures.

The arms F H f k, fig. 97, when in ufe, are

to be placed as much aspofiible out of the atmo-

fphere of a jar, battery, prime conductor, &c.

The arm F H and the ball K are made of copper,

and as light as poffible. The divifions on the

arm F FI are each of them exadtly a grain. They

are afeertained at firft: by placing grain weights

on a brafs ball which is within the ball L, (this

ball is an exadt counterballance to the arm F H
and the ball K when the fmall Hide r is at the

firft divifion) and then removing the Aide r till

it, together with the ball K, counterballances the

ball L and the weight laid on it.

A, fig. 69, is a dial-plate, divided into 90
equal parts. The index of this plate is carried

once round, when the arm B C has moved

through
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through 90 degrees, or a quarter of a circle.

That motion is given to the index by the repul-

fi vc power of the charge acting between the ball

D and the ball B.*

The arm B C being repelled, thews when
the charge is increafing, and the arm F H fheurs

v, hat this repulfive power is between two balls of

this iize in grains, according to the number the

weight refts at when lifted up by the repulfive

power of the charge : at the fame time the arm
B C points out the number of degrees to which

the ball B is repelled
; fo that by repeated trials,

the number ol degrees, anfwering to a given

number of grains, may be afeertained, and a

table formed from thefe experiments, by which

means the eledlrometer, fig. 96, may be ufed

without that of fig. 97.

Mr. Brooke thinks that no glafs, charged (as

we call it) with electricity, will bear a greater

force, than that whofe repulfive power, between

two balls of the fize he ufed, is equal to lixty

grains ; that in very few infiances it will Band

flxty grains weight
j and he thinks it hazardous

to go more than forty-five grains.

Hence, by knowing the quantity of coated

furface, and the diameter of the balls, we may

be enabled to fay, fo much coated furface, with

a repulfion

* Phil, Tranf. vol. 82, p. 384.
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a repulfion between balls of fo many grains, will

melt a wireofiuch a fize, or kill fuch an animal
&c.

Mr. Brooke thinks, that he is not acquainted

with all the advantages of this electrometer;

but that it is clear, it fpeaks a language which
may be univerfally underftood, which no other

will do; for though other electrometers will

flievv whether a charge is greater or lefs, by an
index being repelled to greater or fmaller dis-

tances, or by the charge exploding at different

diftances, yet the power of the charge is by no
means afeertained : but this electrometer ffews
the force of the repulfive power in grains ; and
the accuracy of the inftrument is eafily proved,
by placing the weights on the internal 1

ball, and
feeing that they coincide with the divifions on
the arm F IF, when the hide is removed to

them.

Mr. Achard has fncvvn clearly, that if the
fcale of an electrometer is divided into equal
parts, (degrees for example) the angle at which
the index is held fufpended by the electric repul-
iion will not be a true meafure of the repulfive

Force ; to eftimate which truly, he demonitrates
that the arc of the electrometer fhouId be divided
according to a fcale ofarcs, the tangents of which
are in arithmetical progreffion.

5 Observations
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Observations and Experiments made by

Dr. Priestley on the Effects of Elec-

tricity on different elastic Fluids.

Experiment ccxxiv.

—

To change the blue

colour of liquors, tinged with vegetable juices,

red. The apparatus for this purpofe is feen in

fig. 94. A B is a glafs tube, about four or five

inches long, and one or two tenths of an inch

diameter in the infide
; a piece of wire is put into

one end of the tube, and fixed there w ith cement

;

a brafs ball is placed on the top of this wire ; the

lower part of the tube from a is to be filled with

water, tinged blue with a piece of turnfolc or

archal. This is eafily effected, by fetting the

tube in a vefiel of the tinged water, then placing

it under a receiver on the plate of the air-pump ;

exhauft the receiver in part, and then, on letting

in the air, the tinged liquor will rife in the tube,

and the elevation will be in proportion to the

accuracy of the vacuum ; now' take the tube and

veffel from under the receiver, and throw ffrong

fparks on the brafs ball from the prime conduc-

tor.

When Dr. Prieffley made this experiment,

he perceived, that after the eledric fpark had

been
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been taken, between the wire b and the liquor

at a, about a minute, the upper part of it began

to look red ; in two minutes it was manifeftly fo,

and the red part did not readily mix with the

liquor. II the tube was inclined when the (parks

were taken, the rednefs extended twice as far on
the lower fide as on the upper. In proportion as

the liquor became red, it advanced nearer to the

wire, fo that the air in which the fparks were

taken was diminifhed
; the diameter amounted

to about one fifth of the whole fpace
; after which,

a continuance of the eleffrification produced no
fenfible effeft.

To determine, whether the caufe of the

change of colour was in the air, or in theele&ric

matter, Dr. Pried ley expanded the air in the

tube, by means of an air-pump, till it expelled

all the liquor, and admitted frclh blue liquor in

it's place ; but after this, eleftricity produced no
fenfible effect on the air or on the liquor; fo

that it was clear, that the electric matter had
difeompofed the air, and made it depofit forne-

thing of an acid nature. The refult was the fame
with wires of different metals. Itwasalfothe
fame when, by means of a bent tube, the fpark

was made to pafs from the liquor in one leg, to

the liquor in the other. The air thus diminifhed
was in the highef! degree noxious.

W w In
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In palling the electric fpark through different

elaftic fluids, it appears of different colours. In

fixed air, the fpark is very white
;
in inflammable

and alkaline air, it appears of a purple or red

colour. From hence we may infer, that the

conducting power ol thefe airs is different, and

that fixed air is a more perfect non-eondudor

than inflammable air.

The fpark was not vifible in air from a cauftic

alkali, made by Mr. Lane, nor in air from fpirit

of fait ;
fo that they feem to be more perfed

conductors of eledncity than water, or other

fluid fubflances.

The eledric fpark, taken in any kind of oil,

produces inflammable air. Dr. Prieffley tried

it with ether, oil of olives, oil of turpentine,

and effential oil of mint, taking the eledric

fpark in them without any air to begin with ;

inflammable air was produced in them all.

Dr. Prieffley found, that on taking a final!

eledric explofion for an hour, in the Ipace of

an inch of fixed air, confined in a glafs tube

one tenth of an inch diameter, when water was

admitted to it, only one fourth ot the an

imbibed. Probably the whole would have been

rendered immifcible in water, if the eledrical

operation had been continued a fufficient time.

r The
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The eleQric (park, when taken in alkaline air,

appears of a red colour ;
the eledric explofions,

which pafs through this air, increafe it’s bulk ;

fo that, by making about 200 explofions, in a

quantity of it, the original quantity will be fome-

times increafed one fourth. If water is admitted

to this air, it will abforb the original quantity,

and leave about as much claflic fluid as was

generated by the electricity, and this elaflic fluid

is a ftrong inflammable air.

Dr. Prieflley found, when the eledric fpark

was taken in vitriolic acid air, that the infide of

the tube in which it was confined was covered

with a blackifh fubftance. He feems to think,

that the whole of the vitriolic acid air is con-

vertible into this black matter, not by means of

any union which it forms with the eledric fluid,

but in confequence of the concuflion given to it

by the exploflon ;
and that, if it be the calx of

the metal which fupplied the phlogifton, it is not

to be diflinguifhed from what metal, or indeed

from what fubftance of any kind, the air had

been extraded.

Dr. Prieflley made 150 explofions of a com-

mon jar in about a quarter of an ounce meafure

of vitriolic acid air from copper, by which

the bulk was diminifhed about one third, and

the remainder feemingly not changed, being

W w 2 all
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all abforbed by water. In the courfe of this

procefs, the air was carefully transferred three

times from one velTel to another; and the lalt

vefiel, in which the explosions were made, was,
i

' *

to all appearance, as black as the fir ft
;

fo that

the air feems to be all convertible into this black
* * *

fubftance.

Thinking this diminution of the vitriolic acid

air might arife from it’s abforption by the cement,

with which the glafs tubes employed in the laft

experiment were doled, he repeated it with the

ai,r from quickftlver, in a glafs fyphon confined by

quicklilver, and the refult was the fame.

That this matter comes from the vitriolic

acid air only, and not from any combination of

the eledtric matter with it, will appear from the

following experiment.

He took the fimple ele&ric fpark from a con-

ductor of a moderate ftze, for -the fpace of five

minutes without interruption, in a quantity of

vitriolic acid air, without producing any change

in the inftde of the glafs ;
when immediately

after, making in it only two explofions of a

common jar, each of which might be pioduced

inlefsfehan a quarter of a minute with the fame

machine in the fame ftate, the whole of the

inftde of the tube was completely covered with

the black matter. Now had the electiic matter

formed
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formed any union with the air, and this black

matter had been the relult of that combination,

all the difference that would have arifen from

the Ample fpark or the explofion, could only

have been a more gradual, or a more fudden

formation of that matter.

A large phial, about an inch and a half w’ide,

being filled with this air, the explofion of a

very large jar, containing more than two feet of

coated furface, had no effect upon it - from
which it fhould feem, that in thefe cafes, the

xorce of the fliock was not able to give the

quantity of air fuch a concuilion as was neceflarv

to decompofe any part of it.

He had generally made ufc of copper, but

afterwards he procured this air from almoff
every fubftance from which it could be obtained

;

the eleCtric explofion taken in it produced the

fame cfie61. But, as fome of the experiments

were attended with peculiar circumftances, he
briefly mentions them, as follows.

When he endeavoured to get vitriolic acid

air from lead, putting a quantity of leaden iliot

into a phial containing oil of vitriol, and apply-
ing only the ufual degree of heat, a confiderablc

quantity of heat was produced; but afterwards,
though the heat was increafed till the acid boiled,

no more air could be got. He imagined there-

fore.
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fore, that in this cafe the phlogifton had, in fact,

been fupplied by fomething that had adhered

to the {hot. However, in the air fo produced,

he took the electric explofion ; and in the fir ft

quantity he tried, a whitifh matter was produced,

aimoft covering the inlide of the tube; but in the

facceeding experiments, with air produced from

the fame {hot, or from fomething adhering to it,

there was lefsof the whitifh matter; and at laft,

nothing but black matter was produced, as in all

the other experiments. Water being admitted

to this air, there remained a confiderable refi-

duum, which was very (lightly inflammable.

Vitriolic acid air is eafily procured from fpirit

of wine, the mixture becoming black before any

air is yielded. The electric explofion taken

in this air alfo produced the black matter.

The experiments made with ether feem to

throw moft light upon this fubject, as this air

is as eafily procured from ether as any other

fubftance, containing phlogifton. In the air

procured by ether the electric explofion tinged

the glafs very black, more fo than in any other

experiment of the kind; and, when water had

abforbed what it could of this air, there was a

rcfiduum in which a candle burned with a lam-

bent blue flame. But what was moft remarkable

in this experiment was, that befides the oil of

vitriol
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vitriol becoming very black during the procefc,

a black fub fiance, and of a thick confidence,

was formed, which Twain on the furface of the

acid.

It is very pofiible, that the analyfis of this

fubfiance may be a means ot throwing light upon

the nature of the black matter, formed by electric

exploiions, in vitriolic acid air, as they Teem to

refemble one another very much.

The electric fpark or explofion, taken in

common air, confined by quicklilver in a glafs

tube, covers the infide of the tube with a black

matter, which, when heated, appears to be pure

quicklilver. This, therefore, may be the cafe

with the black matter into which he fuppofed the

vitriolic acid air to be converted by the fame

procefs, though the effect was much more
remarkable than in the common air. The ex-

plolion will often produce the diminution of

common air in half the time that fimple fparks

will do it, rhe machine giving the fame quantity

of fire in the fame time : alfo, the blacknefs of

the tube is much fooner produced by the fhocks

than by the fparks. When the tube confiderably

exceeds three tenths of an inch in diameter, it

will fometimes become very black, without there

being any fenfible diminution of the quantity of

air.

Experiment
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Experiment ccxxxv.—This curious experi-

ment was made by Mr. Marlham, originally with

a view to melt wires with a fmall Leyden bottle.

The effects are curious, and feem to open anew

field for invedigating the force and dite&ion of

the electric fluid. He fixed a fmal* piece of wax

upon the outfide coating of the Leyden bottle ; the

head of a fmall needle was duck in the wax, fo

as to be at right angles to the coating ;
oppofite

to the point of this needle, and at half an inch

didance, another needle was Axed, by being for-

ced through the bottom of a chip box ;
this was

connected with the difcharging rod by a wire. On

difcharming the bottle, the needle with the wax:

was driven from the coating of the bottle, and

fixed into the box oppofed to it. The didance

between the needles was then increafed to two

inches and a half, which was the greateft driking

didance. The head of the needle, which was

fixed to the bottle, was evidently melted in two

or three places. If the charge was drong, and

the wax was not duck fad to the coating of the

bottle, both the wax and the needle would be

driven fome inches from the bottle. On placing

a ball of wax on the point oi each needle, and

palling the difeharge through them, the ball was

thrown from that connected with the bottle full

two
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two feet. Repeating this again, he could not

produce the fame effect.

Mr. Marfham now fixed the needle, oppofed

to that on the bottle, with wax on a brafs plate.

On palling the charge through them, when the

needles were half an inch diflance from each

other, the needle was thrown fix inches from the

brafs plate, while the other remained in it’s

fituation. On incrcafing the diflance, the effedls

were the fame, till it came to one inch and a

half, when neither were thrown off'. In many

inflances, both were thrown off, leaving the wax

behind them.

The needles in all thefe experiments paffed

through the wax, fo as to touch the coating of

the bottle and the brafs plate; both the coating

and plate were beautifully fufed at each explo-

lion.

Mr. Marfham then fubffituted fmall pieces

of putty inftead of wax

;

when on making the

difeharge with the points, at only three-eighths

of an inch, the needle was driven from the bot-

tle, and the putty forced up the needle. The

points were then placed as near each other as

was pofhble
; when, on making the difeharge,

the putty of both needles was blow n to pieces,

and the needle thrown at a conliderahle diflance;

X x the

1
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the brafs plate was alfo curioufly melted, and the

bottle broke.

Experiment ccxxxvi.—Cut a piece of India

or thin paper into the fhape of an ifofceles

triangle, whofe fides are about two inches long,

breadth two tenths of an inch ;
then ereA a brafs

ball of two or three inches diameter, on a brafs

wire one fixthof an inch diameter, and two feet

fix inches long, on the prime conduAor ;
eleArily

the conduAor, and then bring the obtufe end of

the pieces of paper within the atmofphere of the

ball, and let it go, and the paper will revolve

round the ball and often round it’s own axis.

This pleafing and exceeding curious experiment

was communicated to me by the ingenious Mr.

J.
Gamble, of Pembroke- Hall, Cambridge.

Experiment ccxxxvn.—EleArify two pieces

of fwan’s down, one negatively, and the other

pofitively ;
they will then float in the air, and

may be eafily driven about by bottles charged

with contrary eleAricity ;
when brought near

together, they will attraA each other, meet with

rapidity, their fibres will collapfe, and they will

then fill to the ground, reprefenting m miniature

what may be fuppofed often to happen in the

higher regions of the atmofpheie.

Experiment
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Experiment ccxxxviii.

—

Infulate a Leyden

phial, and conneft a fet of eleCtricaL bells with

the infide of the phial, and another fet with the

outiide; charge the phial, and then touch the

fet of bells connected with theinfide; thefe will

ceafe ringing, and the other fet will begin to

ring; now touch thefe, and then the fet con-

nected with the infide will ring ;
and fo on

alternately till the bottle is difeharged. Thus

illultrating, in a pleafing manner, the received

theory of the Leyden phial.

A diftinCt apparatus is often fitted up for the

performing of this experiment : or it may be

fhewn by means of the apparatus reprefented fig.

49, pi. III. which can eafily be applied to a

great variety of purpofes, and is fufficient for

explaining mod part of the phenomena relative

to the Leyden phial, befides being very con-

venient for feveral pleafing experiments.

X X 2 On
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On the Analogy between the Production

and Effects of Electricity and Heat,

AND ALSO BETWEEN THE POWER BY WHICH

Bodies conduct Electricity and receive

Heat; with the Description of an In-

strument to measure the Quantity of

the Electrical Fluid, which Bodies of

A DIFFERENT NATURE WILL CONDUCT WHEN
PLACED IN THE SAME CIRCUMSTANCES. By

Mr. Achard.*

The production of heat is fimilar to that of

ele&ricity.

Every kind of friction produces heat and elec-

tricity. It may be objected to this, that in or-

der to render the analogy perfcCt, it would be

neceflary that the friCtion of every body fhould

produce eleCbricity, which appears contrary to

experience, as metals and other conducting fub-

ftances do not become electrical, but by the

contact of electric bodies, and that the imme-

diate friction of thefe fubftances will not render

them electrical.

To this it may be anfwered, that when an

eleCtric body is excited by friCtion againft a

non-eleCtric,

* Memoirs de l’Academie de Berlin, for 1779.
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non-eledric, the laft, if it is infulated, gives

as ftrong figns of eledricity as thofe of the

eledric itfclf. This eledricity is not commu-
nicated by the eledric, fince it is of an oppofitc

kind : negative, if the eledric is poiitive ; and

the contrary.

This obfervation proves, not only that the

conduding bodies become eledrical by fridion,

as well as eledric bodies, but alfo, that to pro-

duce cledricity, it is neceflTary that the equili-

brium between the eledricity of the rubbing

bodies fhould be deftroyed
; if each fubftance

is equally adapted to receive and tranfmit the

eledrical fluid, it is clear, that the equilibrium

of the fluid between them cannot be deftroyed ;

becaufe, that at the inftant one receives from

the other any given quantity, it will, by it’s

elafticity, be again divided between them : we
may therefore conclude,

1 . That the eledricity produced by the fridion

of two bodies is greater, in proportion to the in-

creafe of the difference between the condudincro
power of thofe bodies.

2. That where two bodies are equally adapted

to receive and tranfmit the eledric fluid, they

give no fign of eledricity ; not becaufe they

cannot become eledrified by fridion, but becaufe

the eledricity, which is difturbed by the fridion.
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is at the fame time reftored, on account of the

facility with which it penetrates each fubftance.

For a reafon nearly fimilar, electrics, when rub-

bed together, do not appear eledrified.

It feems therefore, that we may conclude

from this theory, which is founded on fad, that

in all cafes, and whatever is the nature of the

fubftance, the friction always produces elec-

tricity ; and when the effect is not fenfible, it

is only becaufe electricity is loft as foon as pro-

duced.

That there are no fubftances, that are tubbed

a^ainft a body, which tranfmit the electric fluid

with greater or lefs difficulty, but what give figns

of electricity : that metals are as electrical by

themfelves as glafs and wax.

That as fridion always, and in all cafes, pro-

duces eledricity, there is a perfed analogy be-

tween the produdion ol heat and eledncity #

The Effects, which are produced by Elect

TRICITY, ARE SIMILAR TO THOSE PRODUCED

by Heat.

Heat dilates all bodies. The adion of the

eledric fluid on the thermometer lliews it's dila-

ting power alfo ;
and if we do not generally per-

ceive it, it is becaufe the force with which bodies

cohere
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cohere together, exceeds the dilating power of

electricity.

Heat promotes and accelerates vegetation as

well as germination : Electricity, whether poli-

tive or negative, does the fame.

EleCtricity, as well as heat, accelerates eva-

poration.

Heat and eleCtricity accelerate the motion of

the blood.* Left fear, conftraint, or the at-

tention to the experiment, might accelerate the

pulfe, and thus be attributed to eleCtricity, Mr.

Achard made the experiment on a dog when

afleep, and always found, that the number of

pulfations was increafed when the animal was

electrified.

The experiment made by Mr. Achard on the

eggs of a hen, and by others on the eggs of

moths, proves that eleCtricity, as well as heat,

favours the developement of thofe animals. The

eleCtric fluid, in common with fire, will throw

metals into fulion.

If fubftances, with equal degrees of hear, touch

each other, the heat is diffufed uniformly be-

tween them. In the fame manner, if two bodies

with

* This portion has been much controverted, and ir.

feems clear, from modern experiment, that fimple electri-

city does not accelerate the pulfe.
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with unequal degrees, or different kinds of elec-

tricity, touch each other, an equilibrium will

be eftablifhed.

There is an exact Analogy between the

Faculty with which Bodies conduct the

Electric Fluid and receive Heat.

If bodies of different kinds, and of equal de-

grees of heat, are placed in a medium of a dif-

ferent temperature, they will all acquire, at the

end of a certain time, the fame degree of heat.

There is a confiderable difference, however, in

the fpace of time in which they acquire the tem-

perature of the medium: ex.gr. metals take

lefs time than glafs, to acquire or lofe an equal

degree of heat.

On an attentive examination of the bodies

which receive and lofe their heat looneff, when

they are placed in mediums of different tempe-

rature, they will be found to be the fame which

receive and lofe their ele&ricity with the greatefl

facility. Metals, which become warm or grow

cool the quickeff, are the fubffances which re-

ceive and part with their eledricity fooneft.

Wood, which requires more time to be heated

or cooled, receives and lofes electricity flower

than metals. Laftly, glafs and refinous fub-

r fiances.
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fiances, which receive and lofe flowly the elec-

tric fluid, acquire with difficulty the tempera-
ture of the medium which furrounds them.

If one extremity of an iron rod be heated red-

hot, the other extremity, though the bar is fe-

verai feet long, will become fo warm in a little

time that the hand cannot hold it ; becaufe the

iron condu&s heat readily; but a tube of
glafs, only a few inches long, may be held in

the hand, even while the other end is melting.

1 he electric fluid, in the fame manner, pafles

with great velocity from one end of a rod of
iron to the other; but it is a confiderable time
before a tube of glafs, at one end of which an
excited electric is held, will give electric figns

at the other.

Thefe obfervations prove, that feveral bodies

that receive and lofe with difficulty their aftual

degree of heat, receive and lofe alfo with diffi-

culty their electricity. To determine if this law
is general, and what are the exceptions to it>

will require a variety of experiments.

If we fuppofe two fubflances, one of which is

electrified, but the other not, that the firfl has
a known degree of electricity, and that the lafl,

m touching it, deprives it of a given degree of
electricity

; this lofs of a part of it’s electricity

determines the faculty with which the body that

Y y touches
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touches it receives the electric fluid. Befides

the figure and volume of this fubftance, the time

the two bodies remain in contabt will alter the

quantity taken from the ele&rified fubftance ; fo

that all other circumftances being the fame, the

property of bodies to deprive other bodies of

their electricity,
or, in other words, to conduct

the eledric fluid, is in the inverfe ratio of the

time neceffary to make them lofe an equal

degree of electricity.

The inftrument, which is reprefented fig. 95,

is conflruCted on thefe principles, and with it

the quantity of eleCtricity that one body lofes in

a given time, when touched by another, may be

accurately afeertained. A B is a very fenAble

ballance ;
at the extremity of each arm two very-

light balls of copper are affixed ; C F D a di-

vided femicircle, which is faftened to the cock

which fupports the axis of the ballance ; the de-

grees mav be pointed out by a needle, 01 by the

arms of the ballance ; the cock is fixed to a brafs

cap, which is cemented on the glafs pillar G G,

which is fixed to the board QJ^. S T ; this pillar

fliould be at lead 1 S inches high. U is a Ley-

den bottle ;
to the wire Z Z, which communi-

cates with it’s infide coating, three horizontal

wires, V Z, X Z, and Z Y, are fixed ; the

ends of thefe wires are furnifhed with hollow

, brafc
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brafs balls ; the bottle U is fo fixed to the board,

that when the beam is horizontal, the ball B

touches exadtly the ball X, as is reprefented in

the figure.

K N is a metal lever, which turns upon an

axis at I, fo as to move freely in a vertical plane,

which fhould coincide with the bar V X ;
the

lever K. N is fupported by a wooden pillar I H,

which is fixed to the board QJ3. ST; at the end

K of the lever is a fcrew, to hold the fubftance

on which the experiment is to be made ; the

upper end of this fubftance fhould be turned into

a convex form. A thread N O is tied to the end

N of the lever ;
at O is a fmali hook, on which

a ball I is to be fufpended. The difiance of the

pillar I H from the bottle is to be foadjufied,

that when the end N is lowered, the body L
may touch in one point the ball V ; the pro-

portion between the weight of the arms of the

lever, the weight I, and the body L, and the

length of the pillar I H to the thread N O, is

to be fuch, that when the fubfiance L touches

the ball V, at the fame moment the ball P will

touch the board Q R S T, and be difengaged

from the thread N O : the fubftance L will alfo

at the fame inftant quit the ball V.

To ufe this inftrument, connect the bottle U
with the prime conductor by the ball Y, and

Y y 2 form
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form a communication by a wire from Y to the

cap G ; charge the bottle, and the ball X will re-

pel the ball B ; the angle of repuliion will be

marked by the needle E F. Suppofe this to be

20 degrees, and let L be brought, as before de-

fended,' to touch V, it will ablorb a quantity of

eleCtricity proportionable to it’s conducting pow-

er, and the ball B will fail in proportion to the

quantity abforbed, and the difference will be

feen on the femicircle. Let the difference be

five degrees ; repeat the experiment, only fub-

flituting fome other fubftance in the place of

the body L ; fuppofe that with this fubftance

- the diminution of the angle is 8 degrees, then is

the conducing power of thefe two fubftances in

the proportion of five to eight.

Fig. 106 reprefents an apparatus, to fet a

wire on fire by the eleCtric explofion indephlo-

gifticated air. I am obliged to defer the de-

scription and ufe of it to fome future oppor-

tunity, as I have riot had any time to try it’s

fuccefs.

A N
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rhis fmall Effay is publifhed to illui-

trate and exemplify fome ufes ol a Mag-

netical Apparatus, conftruaed in order

to exhibit the general phenomena of

Magnetifm. It is extracted from a larger

work, which is laid afide for the prefent,

as it is probable the public will foon be

favoured with a treatife on this fubjeft by

Mr. Cavallo.
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'TPHOUGH the phenomena of the magnet

have, for many ages, engaged the atten-

tion of natural philosophers, not only by their

iingularity and importance, but alfo by the ob-

fcurity in which they are involved
;

yet very-

few additions have been made to the difcoveries

of the firft inquirers upon the fubjeH. The
powers of genius, which have been hitherto em-
ployed in profecuting this fubjed, have not been

able to frame an hypothefis, that will account,

in an eafy and fatisfaHory manner, for all the

various properties of the magnet, or point out

the links ol the chain which connect it with the

other
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other phenomena of the univerfe. Though it is

certain, that both natural and artificial electricity

will give polarity to needles, and even reverfe a

given polarity ;
from whence it would appear, that

there is a confiderable affinity between the elec-

tric and magnetic fluid, but how it a£ts when

producing magnetifm, is entirely unknown.

It is known by the works of Plato * and

Ariftotle, that the ancients were acquainted with

the attra&ive and repulflve powers of the mag-

net ; but it does not appear, that they knew of

it’s pointing to the pole, or the ufe of the com-

pafs. As they were not acquainted with the

true method of philofophiflng, and contented

themfelves with obfervation alone, their know-

ledge of nature was confined within very narrow

limits, and did not afford any confiderable ad-

vantage to fociety. Modern philofophers, by

combining experiment with obfervation, foon

extended the boundaries of fcicnce, and dif-

covered

* “ A power refembling that, which a£ls in the hone,

“ called by Euripides the magnet. For this Rone does not

« only attraft iron rings, but impart to thofe rings the power

“ of doing that very tiling which itfelf docs, enabling them

“ to attract other rings of iron; fo that fometixnes may be

4i feen a very long feries of iron rings, depending as in a

« chain one from another. But from that Rone at the head

u 0 f them is derived the virtue, which operates in them

it all.” See Sydenham's tianflation of the IO of Plato.



Magnetism, 377

crtvei'ed the polarity of the loadflone, a pro-

perty which in a manner conftitutes the bails

of navigation, and gives being to commerce.

The loadstone, leading stone, oil na-

tural magnet, is an iron ore or ferruginous

ftone, found in the bowels of the earth, generally

in iron mines; of all forms and fizes, and of

various colours. It is endowed with the pro-

perty of attracting iron; and of both pointing

itfelfj and alio enabling a needle, touched upon

it, and duly poifed, to point towards the poles

of the world.

Loadftones are in general very hard and brit-

tle, and for the moft part more vigorous in pro-

portion to their degree of hardnefs. Confider-

able portions of iron may be extracted from

them. Newman fays, that they are almoft

totally foluble in fpirit of nitre, and partially in

the vitriolic and marine acids.

Mr. Kirwan fays, that the magnet feems

to contain a fmall quantity of fulphur, is often

contaminated with a mixture of quartz and

argill ;
it is poffible, it may contain nickel, for

this, when purified to a certain degree, acquires

the properties of a magnet, but its conftitution

has not as yet been properly examined.*

Z z Artificial

* Kirwan’s Elements of Mineralogy, p. 271.
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Artificial magnets, which are made of fleet,

are now generally ufed in preference to the na-

tural magnet ;
not only as they may be procured

with greater eafe, but bccaufe they are far

fuperior to the natural magnet in ftrength, and

communicate the magnetic virtue more power-

fully, and may be varied in their form more

cafily, fo that the natural magnet is now very

little efteemed, except as a curiofity.

The power of attracting iron, &c. poffeiTed

by the loadftone, which is alfo communicable

to iron and heel, is called magnetism. It has

been fuppofed, that iron and the loadftone were

the only two bodies which could be rendered

rnagnetical; but it now appears, that nickel,

when purified from iron, becomes more inftcad

of lefs magnetic, and acquires, what iron docs

not, the properties of a magnet .f

A rod or bar, of iron or ft eel, to which a

permanent polarity has been communicated, is

called a magnet.

The points in a magnet which feem to poftefs

the greateft power, or in which the virtue feems

to be concentrated, are termed the poles or

A MAGNET.

The magnetical meridian is a vertical

circle in the heavens, which, interfedts the ho-

rizon

* Ibid. p. 369.
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rizon in the points to which the magnetical

needle, when at reft, is directed.

The axis of a magnet is a right line, which

paftes from one pole to the other.

The equator of a magnet is a line per-

pendicular to the axis ofthe magnet, and exactly

between the two poles.

The diftinguifhing and charadteriftic proper-

ties of a magnet, are,

Firft, It’s attractive and repulfive powers.

Secondly, The force by which it places itfelf,

when fufpended freely, in a certain direction

towards the poles of the earth.

Thirdly, It’s dip or inclination towards a

point below the horizon.

Fourthly, The property which it pofteftes oi

communicating the foregoing powers .to iron or

fteel.

Ay Hypothesis.*

Mr. Euler fuppofes, that the two principal

caufes, which concur in producing the wonderful

properties of a magnet, are, firft, a particular

ftructure of the internal pores of the magnets,

and of magnetical bodies ;
and, fecondly, an

Z z 2 external

* Lcttrcg a une Princeflc d’ Allcmagne.
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external agent or fluid, which afls upon and

pafles through thefe pores. This fluid he fup-

pofes to be the folar atmofphere, or that fubdc

matter called ether, which fills our fyftem.

Indeed, molt writers on this fubjeft agree in

fuppofing, that there are corpufclesof a peculiar

form and energy, which continually circulate

around and through a magnet ; and that a vortex

of the fame kind circulates around and through

the earth.
i

A magnet, befides the pores which it has

in common with other bodies, has alfo other

pores confiderably fmaller, deftined only for

the paflage of the magnetic fluid. Thefe pores

are fo difpofed as to communicate one with the

other, forming tubes or channels, by which the

magnetic fluid pafles from one end to the other.

The pores are fo formed, that this fluid can only

pafs through them in one direction, but cannot

return back the fame way ;
flmilar to the veins

and lymphatic veflfels of the animal body,

which are furnifhed with valves for this purpofe.

So that the pores of the magnet may be conceived

to be formed into feveral narrow contiguous

tubes, parallel to each other, as at A B, fig.

99, through which the finer parts of the ether

pafles freely from A to’B, but cannot return back

on account of the refiflance it meets with at a
,
a,

M,
t .

.
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b, nor overcome the refinance of the grofler

ether, which occafions and continues the motion.

For fuppofing the pole A of a magnet, filled with

feveral mouths or open ends of fimilar tubes, the

magnetic fluid, prefled by the grofler parts of

the ether, will pafs towards B with an incon-

ceivable rapidity, which is proportionable to the

elaflicity of the ether itfelf; this matter which,

till it arrives at B, is feparated by the tubes from

the more grofs parts, then meets with it again,

and has it’s velocity retarded, and it’s dire&ion

changed ; the ftream, reflected by the ether, with

which it cannot immediately mix, is bent on both

fides towards C and D, and defcribes, but wdth

lefs velocity, the curves D E and C F e, and

approaching by the curves d and r, falls in wdth

the affluent matter m m, and again enters the

magnet ;
and thus forms that remarkable atmo-

fphcre, which is vifible in the arrangement of

Heel filings on a piece of paper that is placed

over a magnet.

A Second Hypothesis.*

i. That the earth is a large magnet,

s. That there is a fubtle,fluid, called the mag-

netic

* Oeuvres de Franklin, tom. 1, p. 277.
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netic fluid, which exifts in evefy kind of iron,

js equally attracted by ail it’s parts, and equally

(difl'eminated throughout it's fubftance, unlefs it

is forced into an inequality by q power fuperior

to the attraction of the iron.

•>. That the natural quantity of magnetic fluid

contained in a piece ofiron, may be put in mo-

tion fo as to be more rarifled in one part, and

more condenfed in another ;
but it cannot be fo

taken away by any known force, as to leave the

whole mafs in a negative (late with refpect to it’s

natural quantity ;
neither can any additional

quantity be introduced fo as to put it in a

pofltive hate.

4. A piece of fqft iron permits the magnetic

fluid, which is contained in it’s fubftance, to be

put in motion by a fmall force, fo that, being

placed in the direction of the magnetic meri-

dian, it acquires immediately the properties of

a magnet, it’s magnetic fluid being drawn or

puftied from one extremity to the other, and

continuing fo while it remains in the fame pofi-

- tion, one of the ends becoming pofttively, the

other negatively magnetic. The tianlient mag-

net lofes it’s properties when it is laid in an call

and weft: fituation, the magnet returning to it’s

original fituation.

If
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If the iron is hard as ffeel, it is more difficult

to put the magnetic fluid in motion, it requires

a llronger force than is exerted by the magnetifm

of the earth to move it, and when moved from

one end to the other, it cannot eaflly return,

and thus a fteel bar requires a permanent mag-

netifm.

6. A great heat opens the fubdance and

feparates the parts of the bar, and thus gives a

free paffage for the magnetic fluid, which deftroys

it’s magnetic properties.

7. A deel bar not magnetical, placed in the

direction of the magnetic meridian and dip,

and firft heated and then fuddenly cooled, while

in this podure, acquires a permanent magnetifm ;

for while the bar was warm, the magnetic fluid

contained in it was eaflly forced from one end to

the other, by the magnetifm of the earth, and

was retained there by the contraQion of the bar

from cold.

8. Violent concuffions of the Aecl bar placed

as in the foregoing article, fo feparate it’s parts

during the vibrations, as to differ the magnetico o

fluid to be forced from it’s fituation by the

magnetifm of the earth, and is retained in it’s

altered fituation by the doling of the pores when

the vibrations ceafe.

9. An eledric fliock dilating a needle for a

5 moment.
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moment, gives it, for the foregoing reafon,' a

magnetic virtue.

I. There is a Tendency in Iron and a

Magnet to approach each other, and

ATTACH THEMSELVES TOGETHER, AND THAT

with such Force, as often to require a

CONSIDERABLE WEIGHT TO SEPARATE THEM.

This curious property of the magnet was that

by which it was firft difeovered, and by which

it engaged the attention of the curious. Every

fubfhmce which contains iron is more or lefs

attracted by the magnet, with one exception,

as Henchel, Gellert, and Brand afiert, that the

fmalleft quantity of antimony mixed with iron

prevents it’s being attracted by the magnet. Mr,

Burgrnan ufed the following method to difeover

the fubfhmces which are attracted by the magnet,

he placed the bodies which he intended to

examine on pure water, or very pure mercury,

either directly on the furface, or on a piece of

paper, when on the approach of a ftrong magnet

they will be fenfibly attradted, although the

attraction could be difeovered by no other

method ;
in this way he found martial fahs

Itrongly attracted by the magnet. Howbeit, in

general.
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general, iron, when involved in a coating of

faline matter, is attracted lefs ftrongly in propor-

tion as it is more intimately united to the falts.

The attraction of iron is ftrongeft when it is moft

deprived of oily, fulphureous, and faline par-

ticles. Spirit of nitre poured on iron which is

afling on a magnetic needle, will diminifh it’s

aCtion.

Experiment r.—Place a piece of iron on a
cork, and put the cork into water, the piece of
iron will be attracted by, and follow a magnet,
in a pleating manner. The tendency between
the magnet and the iron is reciprocal

; for if the
magnet be put on the cork, it will follow the
iron, in the fame manner as this followed the

magnet.

On this principle many ingenious and enter-

taining pieces of mechanifm have been contrived.

Small fwans fwimming in the water have been
made to point out the time of the day, &c.

Experiment ii.*—Place a magnet upon one
of the brals hands, and prefent one end of a
fmall needle towards it, holding the other end
by a piece of thread, to prevent the needle fixing
itfelf to the bar, and the needle will be pleafingly

fufpended in the air
; the needle will remain

3 A . fuf-
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fufpended, although a piece of paper, glafs,

brafs, &c. be introduced between the magnet

and the needle.

Experiment hi.—Sufpend a magnet under

the fcale of a ballance, and counterpoife it by

weights in the other fcale, then prefent a piece of

iron towards the magnet, it will immediately

defcend, and, if the iron is not placed at too

great a diftance, will adhere to it : now fulpend

the iron under the fcale inftead of the magnet,

then bring the latter towards it, and the iron will

defcend and adhere to the magnet.

Experiment iv.—Hold one end of the mag-

net at about half an inch from fome heel filings,

and thefe will fly to the magnet and form a kind

of beard about the end of the magnet.

II. There are certain Points in a Magnet,

in which it’s Virtues seem as it were

concentrated, which are CALLED ITS

Poles.

Experiment v.—Let a magnet be placed on

one of the brafs ftands contained in the apparatus

and then try what number of iron balls .t will

fuftain at different parts; it will be foun to
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fupport moll near the ends, evincing that the

magnetic power is exerted there with the greateft

force.

Take out the Reel needle from between the

two pillars a b, fig. 117, and place in it’s

Read the needle, one half of which is made of

Reel, the other half ofbrafs, the Reel part of this

needle is to be touched ;
on prefenting the fouth

end of a magnet to the end of the arch, this will

repel the end of the needle to a certain degree,

but on moving the magnet progre(lively forwards,

the needle will gradually fall down till it comes

to Zero. If the magnet is moved further, the

jieedle will be attra&ed.

To find the Poles of a Magnet.

Experiment vi.—Let a magnet be placed

under one of thofe panes of glafs which arc

contained in the bottom of the box ; lift fome

Reel filings on this glafs, and then Rrike it gently

with a key, in order to throw the glafs into a

vibratory motion ;
this will difengage the filings,

and they will foon be arranged in a pleafing

manner: thofe parts of the magnet, from which

the curves feem to take their rife, and over which

the filings feem to be almoft ere6t, are the poles

gf the magnet : or roll the magnet or loadfione

3 A 2 ih
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in ft eel filings, which will adhere in a greater

quantity, and more firongly to thofe parts that

are near the poles
; and thofe particles which

are over the poles will be perpendicular to the

bar, the other particles will incline towards the

poles. If a fmall needle be placed in a glafs

ball and carried over the magnetic bar, it will

ftand perpendicular to the bar when it is over

either of the poles, the various inclinations of a

piece of fteel, and at different parts of a magnet,

may be pleafingly obferved by this little ap-

paratus.

In this, as well as many other magnetical

experiments, a mechanical force is evidently ex-

erted, detaching the particles of iron from one

fituation, removing them to another, and then

retaining them there with conftderable force.

Experiment vii.

—

The poles of a magnet

may be afcertained with greater accuracy by

means of the fmall dipping needle, fig. 117;

place this on a magnet, and move it backwards

and forwards till the needle is perpendicular to

the magnet, it will then point directly to one of

the poles. When it. is between the north and

fouth poles, fo that their mutual actions ballance

each other, the center of the needle will ftand over

what is called the equator of the magnet, and the

needle
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needle will be exactly parallel to the bar. If it

is then removed towards either pole, it will be

differently inclined according to it’s diftance

from the poles.

Experiment viii.

—

Hold a common fmall

fewing needle (with fome thread in it’s eye)

near a magnet for a few feconds, then bring it

gradually towards the middle of a magnetic bar,

and the powers of the magnet will fo far coun-

teract the force of gravity, as to keep it fufpended

in the air, in a pofition which is nearly parallel

to that of the magnet.

There is no magnetical attraction without

polarity ; it is confequently abfurd to fuppofe,

that a magnet may have a ftrong attractive

power, but a weak polarity, or directive power.

III. The contrary Poles of two Magnets
ATTRACT EACH OTHER.

The North Poles of two Magnets, when
BROUGHT CONTIGUOUS, REPEL EACH OTHER.

The South Poles also, when brought
NEAR, REPEL EACH OTHER.

Thefe phenomena are eafily illuftrated by a

variety of plealing experiments.

Experiment
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Experiment ix.—Sufpend on a point a touched

needle, then prefent towards it s north pole the

fouth pole of a magnet, and it will be attracted

by, and fly towards it ;
prefent the other pole

of the magnet, and the needle will fly fiom it.

Experiment x.—Strew a few fteel filings

upon a pane of glafs, put either the north or

fouth pole of one of the bars under the pane

;

the filings will rife upon the glafs as the magnet

approaches. Bring the fame pole of the other

bar directly over that under the glafs, and when

it is at a proper diflance, the fteel filings will

drop flat on the pane.

Experiment xi.—Fix two needles horizontally

in two pieces of cork, and put them in water

;

if the poles of the fame name are placed together,

they will mutually repel each other. If the poles

of a contrary denomination are turned towards

each other, they will be attracted and join.

Experiment xii.—Dip the north or fouth

ends of two magnets in fteel filings, which will

hang in clufters from the end of the bars ;
bi ing

the ends of the bars towards each other, and the

fteel filings on one bar will recede fiom tnofe

on the other. Dip the fouth pole of one magnet.
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and the north pole of the other, into fteel filings,

then let the ends be brought near to each other,

and the tufts of filings will unite, forming fsnail

circular arches.

IV. The Powers or Properties of a

Magnet may be communicated to Iron

or Steel.

To give a detail of the various proceffes which

have been fuggelfed, for the touching or com-

municating the properties of the magnet to

iron or fteel, would alone fill a volume ; I {hall

therefore only give an account of two general and

good methods, which I prefume will be found

adequate to every common purpofe.

1. Place two magnetic bars A B, fig. 100, ill

a line with the north or marked end of one,

oppofed to the fouth or unmarked end of the

other, but at fuch a diftance from each other,

that the magnet to be touched. may reft with

it’s marked end on the unmarked end of A, and

it's unmarked end on the marked end of B ; then

apply the north end of the magnet D and the

fouth end of E to the middle of the bar C, the

oppofite ends being elevated as in the figure

;

draw D and E afunder along the bar C, one

towards A, the other towards B, preferving the

lame
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fame elevation, remove D and C a foot or two

from the bar when they are off the ends, then

bring the north and fouth poles of thefe magnets

together, and apply them again to the middle

of the bar C as before ; repeat the fame procefs

five or fix times, then turn the bar, and touch

the oppolite furface in the fame manner, and

afterwards the two remaining furfaces, and by

this means the bar will acquire a ftrong fixed

magnetifm.

2. Place the two bars which are to be touched

parallel to each other, and then unite the ends

by two pieces of foft iron, called fupporters, in

order to preferve, during the operation, the

circulation of the magnetic matter ; the bars are

to be placed fo that the marked end D, fig. ioi,

may be oppofite the unmarked end B ; then place

the two attra&ing poles G and I on the middle

of one of the bars to be touched, railing the ends

fo that the bars may form an obtufe angle of ioo

or 1 20 degrees ;
the ends G and I of the bars

are to be feparated two or three tenths of an inch

from each other. Keeping the bars in this por-

tion, move them flowly over the bar A B, from

one end to the other, going from end to end

about fifteen times. Having done this, change

the poles of the bars/ and repeat the fame

operation

* That is, the marked end of one is always to be again!!

the unmarked end of the other.
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operation on the bar C D, and then on the

oppoiite faces of the bars ; the touch, thus

communicated, may be farther increafed, by

rubbing the different faces of the bars with fets

of magnetic bars, difpofed as in fig. 102.

It feems, that in order to render ffeel magne-

tical, we muff fo difpofe the pores that they

may form contiguous tubes parallel to each other,

capable of receiving the magnetic fluid, and then

propagating and perpetuating it's motion, fo that

the magnetic ftream may enter with cafe, and

be made to circulate through it with the greateft

force : to this end, it is needfary to be particu-

larly attentive in the choice of the fleet which is

to be touched ; the grain fhould be equal, fmall,

homogeneous, and without knots, that it may
prefent a number of equal and uninterrupted

channels to the fluid, from one end to the other :

this is more immediately important in the choice

of the fleel for the needles of lea compafles, for

if the fleel is impure, or the mode of touching

improper, the needle may have different poles

communicated to it, which will more or lefs

impede the adtion of the principal needle, accord-

ing to their flrength and fituation.

The fleel fhould be well tempered, that the

pores may preferve fora long time the difpofition

they have received,- and better refill thofe

3 B changes
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changes in their direction, to which iron and

foft fteel are liable. The difference in the nature

of fteel is exceeding great, as is ealily proved by

touching in the fame manner, and with the lame

bars, two pieces of fteel of equal lize, but of dif-

ferent kind.

Steel, that is hardened, receives a more perfect

magnetifm than foft fteel, though it does not

appear that they differ from each other in any

thing but the arrangement of the parts
;
perhaps

the foft fteel contains phlogifton in it’s largeft

pores, while hardened fteel contains it in the

fmaller. Iron, or fteel, have very little air

incorporated in their pores ; when they are

feparated from the ore, they are expofed to a

moft intenfe degree of heat, and moft of the

changes to which they are afterwards fubmitted,

are effected in a red hot ftate. A piece of fpring-

tempered fteel will not retain as much magnetihn

as hard fteel, foft fteel ftill lefs, and iron fcarce

retains any. From fome experiments of Mr.

Muffchenbroek, it appears, that when iron is

united with an acid, it will not become magne-

tical ; but if the acid is feparated, and the phlo-

gifton reftored, it will become as magnetical as

ever.

The dimenfions and fhape of a magnet will

make a difference in it’s force, therefore the bars
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to be touched, fhould neither be too long nor

too Ihorr, but in proportion to the thicknefs
;

if ‘hey are »o long, the paffiage of the magnetic

master c > aing out of one pole, and procecd-

in.-; round t ie magnet to enter the other, will

be impeded, and it’s velocity lefiened. If they

ar : *oo fliort, the fluid, which comes out from

one pole, will be repelled and thrown back by

the other a&ing parts of the magnet, and thus

be carried too far from the pole into which it

ought to enter, and prevent the continued cir-

culation of the magnetic matter. If they are

too thin, then the number of pores are too few

to receive a ftream fiifficiently ftrong to refill the

obfiacles in the external fpace; while, if they

are too thick, the ffirait and regular direction

of the channel is injured by the difficulty which

takes place in the arrangement of the interior

channels, as the magnetic matter has not fuffici-

ent force to penetrate the (teel to any confide-

rable deoth, and thus injures the circulation of

the fluid.

All the pieces finould be well polifhed
;

it is

of the greatelt importance that the ends fhould

be fiat and true, fo as to touch, in as many points

as is poffible, the ends of loft iron which keep

up the circulation. Inequalities on the faces,

but principally near the poles, are to be avoided,

3 13 % as
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as thefe occafion irregularities in the circulation,

and thus diminilh it’s velocity, which is one

of the principal fources of magnetic power.

While the bars are touching, the ends of loft

iron fhould be kept in conflant contact with the

bars, for a momentary reparation is fufficient to

deflroy the efifed of the operation, as the fluid

will be infiantly difperfed in the air.

The operator ought not to flop longer on the

fir ft bar than is neceflary to open the pores, and

to arrange them magnetically, palling immedi-

ately to the other, to form an opening for the

fluid which iflues from the firft.

It is mod advantageous to turn the bar that is

. quitted, while the touching magnets are placed

on the other ; by this means, the ftream that is

to be excited will difpofethe channels of the firft,

and thus render the operation more efficacious ;

befldes, by only turning one bar at a time, the

touching bars need never be totally removed

during the whole operation, a circumffance

which will contribute to the ftrength of the

magnet.

The touching bars fhould never be feparated

but at the equator of the magnet; and their

motion over the others fhould be flow and

regular.

The magnetic power of touching needles has

been
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been increafed by leaving them for fome time in

linfeed oil.

It may contribute to the effects of the ope-

ration if the bars A and B, fig. ioo, are placed

in the direction of the magnetic meridian, and

are inclined to the horizon in an angle equal to

the dip of the needle.

The fixed power, thus communicated to a

magnet, is impaired if it is laid amongft iron,

or by rufi ;
it may be injured alfo by fire, as each

of thefe circum fiances will change, or confufc

the direction of the magnetic fiream.

Place a fmall magnetic needle on the point of

one of the fmall fiands, and put it between two

magnetic bars, fo that the north end of the bar

may be near the fouth end of the needle ; the

fmall needle will, without any apparent caufe,

be thrown into a violent vibratory motion, and

feem as it were animated, till it is faturated with

magnetifm, when it will become quiefeent. The

vibratory motion is probably occafioned by the

irregularity of the imprefiions it receives from

the magnetic flui,d, and the difficulty that fluids

find in entering the needle.

All caufcs, that are capable of making the

magnetic fluid move in a fiream, will produce

magnetifm in thofe bodies which are properly

qualified to receive it.

If
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If bars of iron arc heated, and then cooled

equally, in various directions, as parallel, per-

pendicular, or inclined to the dipping needle,

the polarity will be fixed according to their

pofition, ftrongefl when they are parallel to the

dipping needle, and fb lefs by degrees, till they

are perpendicular to it, when they will have no

fixed polarity ;
but if, upon cooling a bar of iron

in water, the under end is confiderably hotter

than the upper, and the upper end is cooled

firft, it will fometimes become the north pole,

but not always. If iron, or fteel, undergo a

violent attrition in any one particular part, they

will acquire a polarity ; if the iron is foft, the

magnedfm remains very little longer than while

the heat continues. Lightning is the ftrongeft

power yet known in producing a dream of mag-

netifm; it will, in an inftant, render hardened

Heel firongly magnetical, and invert the poles

of a magnetic needle.

To make a magnetical bar with feveral poles,

place magnets at thofe parts where the poles are

intended to be, the poles to be of a contrary

name to thofe required, and if a fouth pole is

fixed on one part, the two next places nuifi have

north poles fet again!! them ;
confider each piece

between the fupporters as a feparate magnet, and

touch it accordingly.

Experiment
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Experiment xiti.—Take a piece of iron

wire and bend it into the form of a ftaple, then

touch the middle of the wire ftaple with only

one of the poles of a magnet, without moving
it backwards or forwards

; the place where the

magnet touches the w ire will be one pole, and the

two ends the other pole.

Experiment xiv.—Take any number offmall

ft eel bars, lay them end to end, and touch them
while in this poftdon ; when you feparate them,

there will be a north and a fouth pole at every

feparation. See a fimilar experiment in the eftay

on electricity.

Experiment xv.—Touch a piece of iron wire,

and then twift it about a large glafs tube or any

other cylindrical body, and the magnetic virtue

will be fo difturbed, that in fome parts it will

attract, and in others repel the fame pole of a

magnetic needle.

lo touch Horseshoe Magnets.

As thefe magnets from their form are capable
of fuftaining great weights, and maintaining the

circulation of the magnetic fluid, I fhall deferibe

a convenient mode of touching them.

Ptacc
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Place a pair of magnetic bars againft the ends

of the horfelhoe magnet, with the fouth end of

the bar againft that end of the horfefhoe, which

is intended to be the north • and the north end

of the other bar to that which is to be the fouth.

The contact or lifter of foft iron to be placed at

the other end of the bars. In this fituation the

magnetic fluid which circulates through the bars

will endeavour to force a palfage through the

horfefhoe magnet, and thus facilitate the further

communication of the magnetic virtue to the

horfefhoe magnet : to this end, rub the furfaces

of the horfefhoe with a pair of bars placed in

the form of a compafs, turning the poles pro-

perly towards the poles of the horfefhoe magnet,

being careful that thefe bars never touch the ends

of the ftrait bars, as this would difturb the cur-

rent of the magnetic fluid, and injure the opera-

tion. If the bars are feparafed fuddenly from

the horfefhoe magnet, it’s force will be con-

lidcrably diminifhed; to prevent this, flip on

the lifter or fupport to the end of the horfefhoe

magnet, but in fuch a manner, however, that it

may not touch the bars ;
the bars may then be

taken away, the fupport Aid to it’s place, and

left there to flrengthen the circulation of the

fluid.

To
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To make an Artificial Loadstone.

%

The late Dr. Gowin Knight pofTeffed a fur-

prifing fkill in magnet i fin, being able to com-

municate an extraordinary degree of attractive

and repulfive power, and to alter or reverfe the

poles at pleafure ; but as he refufed to difcover

his methods, thefe curious and valuable fecrets

died with him. In the LXIX'th volume of the

Philofophical Tranfaffions, however, Mr. Ben-

jamin Wilfon has given a procefs, which dif-

covers one of the leading principles of Dr.

Knight's art ; namely, his method of making

artificial load Rones.7-^To this end Dr. Knight

provided himfelf with a fufficient quantity of

clean iron filings, he put them into a large tub

more than one third filled with water, he then

with great labour worked the tub to and fro for

many hours together, that the friction between

the grains of iron, by this treatment, might break

off fuch fmaller parts as would remain fufpended

in the water for a time. The obtaining thefe

very fmall particles in fufficient quantity, feem-

ed to him to be one of the principal defid era ta

in the experiment. The water being by this

means rendered muddy, he poured the fame into

3 C a clean



402 An Essay on

a clean iron vefiel, leaving the filings behind,

and when the water had flood long enough to

become clear, he poured it out carefully, with-

out diflurbing fuch of the fediment as Hill re-

mained, which now appeared reduced almofl

to an impalpable powder. This powder was

afterwards removed into another veffel, in order

to dry it ;
but as he could not obtain a proper

quantity thereof by this one procefs, he was

obliged to repeat the procefs many times. Hav-

ing at lafl procured a iufficient quantity of this

line powder, the next thing was to make a pafle

of it, and that with fome vehicle that fhould

contain a fufheient quantity of the phlogiflic

principle ;
for this purpofe he ufed linfeed oil,

and with thofe two ingredients he made a puff

pafle, and took particular care to knead it well

before he moulded it into convenient fhapes.

This pafte was then put on wood or tiles at about

a foot di fiance from a moderate fire ; a great

degree of heat frequently cracked the compoii-

tion. The time for breaking or drying this

pafle was about five or lix hours, at which time

they had generally attained a fufheient degiec

of hardnefs ;
when this was done, he gave them

the magnetic virtue in any direction he pleafed,

by placing them for a few fcconds between his

large
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large magazine of artificial magnets, where they

acquired fuch force, that when any of their

pieces were held between two of his heft ten

guinea bars, with its poles purpofely in\ Cited,

it immediately turned ltfelf about to recover it s

natural direction, which the force of thofe very

powerful bars were not able to counteract.

Ruft of iron and common (tone cemented

together by any fat fubftance will alio form an

artificial loadftone.

Of Armed Magnets.

Jn a-firait loadfione or magnet, the (tream is

carried back on all fides in curved lines, but

applying plates of foft iron to the poles of the

magnet, the direction of the fluid is changed,

and it is conduced, united, and condenfed at

the feet to the armour, fo that if the feet are

connected by another piece of iron which is called

the lifter, the (beam proceeding from one pole

w ill be carried by the lifter to the other, which

caufes it to adhere with confiderable force.

The armour fhould be made of foft homo-

geneous iron, well fitted to the ends of the

magnets ;
it (hould alfo be thicker in proportion

as the difiance of the poles from each other

jncreafes.

3 c 2 Experiment



404 An Essay on

Experiment xvi.—Place an armed magnet

under a glafs plane which has been ftrewed over

with Peel filings, and thefe will arrange them-

felves in curves from one foot of the armour to

the other.

Gaffendi invented a peculiar kind of armour,

which was formed by piercing a magnet in the

direction of the axis, and placing a cylinder of

iron in the hole, which augmented confiderably

the force of the magnet.

Experiment xvii.*—Mr. Van Swinden applied

to an artificial magnet B, fig. 106, which

fupported four ounces by it’s north pole, another

magnet b, fo that it’s north pole was almofl half

an inch from the pole which fupported the

weight, and this pole immediately fupported

leven ounces. Du Hamel, Le Maire, &c.

have alfo made many curious experiments on

this head.

Experiment xviii.—Apply a bar of iron M
N, fig. 107, to one foot of an armed magnet,

and it is fupported ;
approach the iron lifter of

the magnet, fo that it may touch this bar and

the armour, and the bar will fall.

Experiment xix.—Apply to the pole B, fig.

108,
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108, a finall piece of iron, nearly as much as

that foot of the armour will fufiain
; let this piece

of iron reach a little beyond the foot of the

armour, then apply the lifter to the foot A, fo

that it may touch the piece of iron M, and the

magnet will then fupport a confiderable addition

of weight.

Experiment xx.

—

If one end of the armour

of a magnet only juft fuftains an iron ball, it

will fupport two or three balls, if the contrary

pole of a magnet is brought near it.

Experiment xxi.

—

Place an armed magnet
at the magnetic equator and fome diflance from

a magnetic needle, and mark how much it makes
jt deviate from it’s lituation. Apply the con-

trary pole of another magnet to the end of the

armed one, and the needle will be more ftrongly

attracted.

V. Let
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V. Let an Iron Rod be exactly ballanced

AND SUSPENDED ON A POINT, SO AS TG

REVOLVE IN A PLANE PARALLEL TO THE

Horizon ;
communicate the Magnetic

Virtue to this Rod, and one Extremity

WILL BE ALWAYS DIRECTED TOWARDS THE

North.

Experiment xxii.—Place any of the un-

touched needles in the apparatus on a point, and

it may be fixed, or will remain in any required

fituation ;
communicate the magnetic virtue to

it, and it will no longer be indifferent as to it’s

fituation, but will fix upon one, in preference tQ

any other, one end pointing towards the north

>

the other tow ai ds the fouth.

Experiment xxiii.—Float a magnet op

water by means of cork, and it will place itielf in

the direction of the magnetic meridian. A

terella Boated on quickfilver will do the lame,

the magnetic axis conforming itfelf to the direc-

tion of the meridian.

It is not improbable, that in forne futuie

period it may be difeovered, that mod bodies

ore poftefied of a polarity, and will aflame direc-

tions relative to the various affinities of the

elements of which they are compounded.

- The
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The directive power of a touched needle- is

of the greatefl importance to mankind, as it

enables the mariner to traverfe the ocean, and

thus unite the arts, manufactures, and know-

ledge of diftant countries, together. The fur-

veyor, the miner, and the aftronomer, derive

many advantages from this wonderful pro-

perty.

The mariner’s compafs confifts of three parts,

the box, the card or fly, and the needle.

The card is a circle of ftifF paper reprefenting

the horizon, with the points of the compafs

marked on it ; the magnetical needle is fixed to

the under fide of this card ; the center of the

needle is perforated, and a cap>, with a conical

agate at it’s top, is fixed in this perforation ; this

cap is hung on a fteel pin, which is fixed to the

bottom of the box, fo that the card hanging on

the pin turns freely round it’s center; one of the

points being from the property of the needle

always direCled towards the north pole. The

box, which contains the card and needle, is a

circular brafs box hung within a fquare wooden

one, by two concentric rings called jimbals, fo

fixed by crofs centers to the two boxes, that the

inner one fhall retain an horizontal pofition in

all motions of the fhip. The top of the inner

box



An Essay on408

box has ar cover of glafs to prevent the card front

being difturbed by the wind.*

It has been already obferved, that the ancients

do not feem to have been acquainted with the

directive power of the magnet. The only thing

that feems capable of being milbakcn for fome

fuch knowledge, is what Jamblichus- tells us in

his life of Pythagoras, Phat Pythagoras tookfrom

Alansy
the Hyperborean ,

his golden dart
,
Without

which it was impofiblefor him to find his road. But

the authority of the writer, as w^ell as the ob-

Icurity of the paflage, prevents any conclufion

being drawn from it.

Paul the Venetian is faid to have introduced

the ufe of the compafs in 1 260, but this is faid

not to have been his own invention, but borrowed

from the Chinefe. P. Gaubil fays, the direc-

tive power of the needle was known to the Chinefe

as early as the year A. D. 223, under the Dy-

nafty of Haz. But the Abbi Renaudot, in his

Differtation on the Stone, when the Mahomedans

went liril to China, has adduced ftrong reafons

to

* Before the compafs was invented, the navigating 01

fiiips was a tedious and precarious operation, and feldom

performed out of fight of land; but this inftrument

enables the mariner to travel over the teas almoU in as direct

and true a traft, as the land carrier direfts Ins carriage m a

well beaten road.
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to prove, that the Chinefe knew nothing of the

mariner’s compafs, till it was introduced there

by the Europeans. Vertomanus affirms, that A.
D. 1500 he faw an Eaft Indian pilot direft his

courfe by a compafs, framed and fattened like

thofeufed in Europe; but this mutt: be received

with fome caution, as Mr. Barlow, in 1597,
fays that in a perfonal conference with two Eaft

Indians he was told by them, that inttead of our

compafs they made ufe of a magnetical needle of

fix inches or longer, fet upon a pin in a difh of

white China earth filled with water
; that in the

bottom ol the difh they had two crofs lines, to

mark the four principal winds, and that the reft

of the divittons were left to the fkili of the pilot.

But to return to Europe, Mr. Perrault, in his

parallel between the ancients and the moderns,
has cited fome verfes of Guyot de Provins, who
wrote in 1 1 80, which lhew diftincftly that the

mariner’s compafs was known in the South of

France at that time.

" There is, ” fays he,

<c A ttar that never moves,

“ And an art that ne’er deceives,

“ By virtue of the compafs,
fC An ugly black ttonc
<c Which always attracts iron.”

1 hough by molt writers the invention of the

3 1} compafs
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compafs is afcribed to Flavio Cjoin of Analfi in

Campanee, who lived about the year 1300. He

is faid to be the fir ft that applied it to navigation

jn the Mediterranean.

Mr. de Lalande informs us, that in " Le trefor

de Brunet,” a manufcript in the French king’s

library, there is a paffage which proves that the

compafs was made ufe of about the year 1 260.

VI. The Needle of the Mariner’s Compass

DOES NOT POINT EXACTLY TO THE NORTH,

BUT IS OBSERVED TO CHANGE ITS AZIMUTH,

POINTING SOMETIMES TOWARDS THE EAST,

AND SOMETIMES TO THE V* EST OF THE

Meridian.

Fig. 109, N S reprefents the true meridian

line; and E W, the eaft and weft line which is

perpendicular to it ; now the magnetic needle

A H does not direct itfelf fo as to coincide with

the meridian line N S, but feparates itfelf fo as

to form an angle N C B, at prefent of about 22

degrees.

Ttiis deviation from the meridian is called

the variation of the needle, and is different at

different parts of the world, being w eft at fome

places, eaft at others, and in parts where the

variation
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va.ri3.ti0n of the fame name, it s quantity is

very different.

Though the direftive power of the compafs

was applied to the purpofes of navigation in the

fourteenth and fifteenth century, it does not

appear, that there were any apprehenfions during

that time of it’s pointing otherways than due

north and fouth.

The variation of the compafs is faid to have

been fir ft difeovered by Columbus, in his voyage,

the latter end of the fifteenth century, for the

difeovery of that part of the world which is now

called the Weft Indies. But the firft perfon who

difeovered that it was real, and was the fame to

all needles in the fame place, is generally allowed

to be Sebaftion Cabot. This was about the year

1 497.

After the variation was difeovered by Cabot,

it was thought, for a long time, to be invariably

the fame, at the fame places, in all ages ;
but

Mr. Gellibrand, about the year 1625, difeover-

ed that it was different at different times, in

the fame place.

From fucceftive obfervations made afterwards,

it appears, that this deviation was not a conftant

quantity, but that it gradually diminifhed,. and

at laft about 1660 it was found that the needle

pointed due north at London, and has ever hnce

$
I) 2 been
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been increafing to the weftward of the north.

So that in any one place the variations have a

kind oflibratory motion, traverfing through the

north to unknown limits eaftward and wed-
ward.

Dr. Halley in the laft century publifhed a

theory of the variation of the compafs. In this

work, he fuppofes that there are four magnetic

poles in the earth ; two of which are fixed, and

two moveable, by which he explains the different

variation of the compafs at different times in

the fame place. But it is impoflible to apply

exact calculations to fo complicated an hypo-

thecs.

Mr. Euler has fhewn, that two magnetic poles

placed on the furface of the earth will fufliciently

account for the lingular figure affumed by the

lines which pafs through all the points of equal

variation in the chart of Dr. Elalley.

Mr. Euler fir ft examines the cafe wherein the

two magnetic poles are directly oppofite ;
fe-

condly, he places them in two oppofite meridians,

but at unequal diftances from the poles of the

world ; thirdly, he places them in the fame

qneridian
;

finally, he confiders them fituated

on two different meridians. Thefe four cafes

may become equally important ;
becaufe, if it is

determined that there are only two magnetic

poles.
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poles, and that thefe poles change their fituation,

it may hereafter be difeovered, that they pals

through all the different pofitions.

Mr. Euler, after having examined the different

cafes, finds that they alio exprefs the earth’s

magnetifm, as reprefented in the chart publifhed

by Meflrs. Mountaire and Dodfon in 1744, par-

ticularly throughout Europe and North America,

if the following principles are effablifhed.

Between the arflic pole and the magnetic pole

1

4

0
53'. Between the antanffic and the other

magnetic pole 29
0
23', 53

0
1 8' the angle at the

north pole formed by the meridian’s pafling

through the two magnetic poles, 250° the lon-

gitude of the meridian, which paffes over the

northern magnetic meridian.

I (hall now give a fhort defeription of a

variation compafs, an inftrument which is ufed to

obferve with accuracy, the deviation of the needle

from the meridian. To this end it fhould poffefs

the following properties.

1. That it may beeafily and accurately placed

in the meridian.

2. It fhould indicate fmail variations of the

needle.

3. That the nonius, which marks the fmali

variation of the needle, may be moved without

diffurbing it.

4. That
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4. That the needle may be eafily taken oft and

inverted, to difcover whether the line marked on

the needle coincides with the dire&ion of mag-

netifm in the needle.

Fig. 1 1 o reprefents a variation compafs, which

it is prefumed will anfwer the foregoing purpofes.

It has a glafs cover, which is made to Hide on

or to be taken off occaftonally, 'two graduated

arches are fixed at each end of the box with a

moveable nonius to each arch, the noniufes aie

both moved by means of the milled nut A, with-

out difturbing the fttuation of the needle.

The inftrument is placed in the meridian by

a telefcope, whofe line of collimation is parallel

to the zero line of the inftrument. The telef-

cope is to be placed in two forks, in the manner

advifed by Mr. Magellan in his Colledion de

differens Traites fur des I nft rumens D’Aftro-

nomie, &c. p. 227, where the reader will find

forne obfervations on the adjuftments, which are

too long to be introduced in this elfay. When

the inftrument is placed in the meridian, the

method of oblerving is to move the northern

nonius till the middle divifion coincides with the

line on that end of the needle; and the nonius

will then fhew the angle that end of the needle

makes with the meridian. 1 f the line on the

fouthern end of the needle coincides with the

rrtiddle
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middle divifion of it’s nonius, the foregoing ob-

servation is fufficient ;
if not, the Southern no-

nius mud be moved till it coincides with this

end of the needle, and the mean between

the two numbers thus tound will be the tiue

angle.

The needle is fo conftru&ed, that it may be

readily taken off the cap and inverted, in order

to oblcrve with the under lace of the needle up—

permoff, to difcover whether the line 011 the

needle is parallel to the direction of the mag-

netifm in the needle, .and hence difcover whether

this line gives the true angle which the direction

of magnetifm makes with the meridian. Hav-

ing made the observation as before with both

ends of the needle, invert and obferve what is

now fhewn bv the inverted ends of the needle,

and if the line is parallel to the direction of the

magnetifm in the needle, the mean ol the ob-

servation with the inverted ends will agree with

the foregoing ;
on the other hand, if it is not

parallel to the direction of magnetifm, but makes

it appear too much when the needle is upright,

it will appear as much lefs when inverted, .fo

that the mean of the foregoing means is the

true angle which the needle makes with the zero

line of the compafs.

About the year 1722 and 1723, Mr. George

Graham made a great number of obfervations on

4 the
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the diurnal variations of the magnetic needle.

In the year 1750, Mr. Wargentin took notice

of the regular diurnal variation of the needle;

and alfo of it’s being difturbed at the time of

an aurora borealis. About the latter end of the

year 1756, Mr. Canton began to make obfer-

vations on the variation, and in 1759 communi-

cated the following valuable experiments to the

Royal Society.

The obfervations were made by him for 603

days; on 574, out of thefe, the diurnal variation

was regular. The abfolute variation of the needle

weftward was increafing, from about eight or nine

o’clock in the morning, till about one or two in the

afternoon, when the needle became ftationary for

fome time ; after that the variation weftward was

decreafing, and the needle came back again

to it’s former fituation in the night, or by the

next morning.

The diurnal Variation is irregular when

the Needle moves slowly eastward, in

THE LATTER PaRT OF THE MORNING, OR

WESTWARD IN THE LATTER PART OF THE

Afternoon; also when it moves much

either Way after Night, or suddenly

both Ways in a short Time.

1

Thefe irregularities feldom happen more than

once
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once or twice in a month, and are always accom-

panied with an aurora borealis.

The attractive power of a magnet will de-

creafe while it is heating, and increafe while it

is cooling ;
the greater the . force of the fame

magnet, the more it will loole in a given degree

of heat.

Experiment xxiv. -— About E N E from a

compafs, a little more than three inches in

diameter, Mr. Canton placed a fmall magnet

two inches long, half an inch broad, and three-

twentieths of an inch thick, parallel to the mag-

netic meridian; and at fuch a diftance, that the

power of the fouth end of the magnet was but

juft fufficient to keep the north end of the needle

to the N E point, or to 45 degrees.

The magnet being covered by a brafs weight

of ftxteen ounces, about two ounces of boiling

water was poured into it, by which means the

magnet was gradually heating for feven or eight

minutes ;
and during that time, the needle moved

about three quarters of a degree weftward^ and

became flationary at 44
0

} ;
in nine minutes

more, it came back a quarter of a degree, or to

44
0
1; but was fome hours before it gained it’s

former fituation, and flood at 45
0
.

3
E Experiment
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Experiment xxv*.—On each fide of the com-

pafs, and parallel to the magnetic meridian, he

placed a ftrong magnet, of the fize above-men-

tioned ;
fo that the fouth ends of both the mag-

nets ached equally on the north end of the needle,

and kept it in the magnetic meridian ; but if

either of the magnets was removed, the needle

was attracted by the other, fo as to hand at 45

degrees. The magnets were both covered with

brafs weights of fixteen ounces each. Into the

eaftern weight about two ounces of boiling water

was poured ; and the needle in one minute moved

half a degree, and continued moving wehward

for about feven minutes, when it arrived at 2

It was then hationary for fome time; but, in

twenty four minutes from the beginning, it came

back to 2°f, and in fifty minutes to 2
c
f. He

then filled the weftern weight with boiling water,

and in one minute the needle came back to 1 ;

in fix minutes more it hood half a degree eah-

ward; and after that, in about forty minutes,

it returned to the magnetic north, or it’s firft

fituation.

It is evident, that the magnetic parts of the

earth in the north on the eah lide, and the mag-

netic parts of the earth in the north on the weft

fide of the magnetic meridian, equally attrafl

the north end of the needle. If then the eahern

magnetic
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magnetic parts are heated falter by the fun in

the morning, than the weftfcrn, the needle will

move weftward, and the abfolute variation will

increafe ;
when the attracting parts of the earth

on each fide of the magnetic meridian have their

heat increafing equally, the needle will be fta-

tionary, and the abfolute variation will then be

greateft ; but, when the weftern magnetic parts

are either heating falter, or cooling flower than

the eaftern, the needle will move eaftward, or

the abfolute variation will decreafe ; and when

the eaftern and weftern magnetic parts arc cool-

ing equally faft, the needle will again be fta-

tionary, and the abfolute variation will then be

leaft. This may be (till further illuftrated, by

placing the compafs and two magnets, as in the

lalt experiment, behind a fereen near the middle

of the day in fummer ; then, if the fereen be fo

moved, that the fun may fhine only on the

eaftern magnet, the needle will fenfibly vary in

it’s direction, and move towards the weft; and

if the eaftern magnet be fhaded, while the fun

fhines on the weftern, the needle will move the

contrary way. By this theory, the diurnal va-

riation in the fummer ought to exceed that in

the winter ;
and we accordingly find by obfer-

vation, that the diurnal variation in the months

• 3 E 2
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of June and July is almoft double that of De-

cember and January.

The irregular diurnal variation muff arife

from fome other caufe than that of heat com-

municated by the fun : and here we muft have

recourfe to fubterranean heat, which is gene-

rated without any regularity as to time, and

which will, when it happens in the north, af-

feift the attractive power of the magnetic parts

of the earth on the north end of the needle.

The Reverend Dr. Hales has a good obferva-

tion on this head, in the Appendix to the fecond

volume of his Statical Eifays, which I lhail here

tranfcribe. “ That the warmth of the earth, at

" fome depth under ground, has an influence

<c in promoting a thaw, as well as the change of

“ the weather from a freezing to a thawing ftate,

“ is manifeft from this obfervation; viz. Nov.

<f
27, 1731, a little fnow having fallen in the

u night, it was, by eleven the next morning,

<c moftly melted away onthefurface of the earth,

“ except in feveral places in Bufhy-Park, were

“ there w’ere drains dug, and covered with earth,

u where the fnow continued to lie, whether

thofe drains were full of water, or dry ; as

" alfo where elm-pipes lay -under ground j

a plain proof that thefe drains intercepted

“ the

<<
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<c the warmth of the earth from afeending from
<f greater depths below them ; for the fnovv

f< lay where the drain had more than four

“ feet depth of earth over it. It continued

“ alfo to he on thatch, tiles, and the tops of

“ walls.”

That the air neareft the earth will be molt

warmed by the heat of it, is obvious ; and this

has frequently been taken notice of in the morn-

ing, before day, by means of thermometers at-

different diftances from the ground, by the Re-

verend Dr. Miles, at Tooting, in Surrey ; and

is mentioned in p. 526, of the 48th volume of

the Philofophical Tranfadlions.

The aurora borealis, which happens at the

time the needle is difturbed by the heat of the

earth, is fuppofed to be the eleftricity of the

heated air above it ; and this will appear chiefly

in the northern regions, as the alteration in the

heat of thofe parts will be greateft. This hy-

pothecs will not feem improbable, if it be con-

fidered, that electricity is now known to be the

caufe of thunder and lightning
; that it has been

extracted from the air at the time of an aurora

borealis; that the inhabitants of the northern

countries obferve the aurora to be remarkably

Itrong, when a fudden thaw happens after fe-

vere cold weather; and that the curious in thefe

matters
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matters are now acquainted with a fubftance,

that will, without friction, both emit and ab-

forb the electrical fluid, only by the increafe or

diminution of it’s heat : for if the Tourmalin

be placed on a plane piece of heated glafs, or

metal, fo that each fide of it, by being perpen-

dicular to the furface of the heating body, may

be equally heated, it will, while heating, have

the electricity of one of it’s tides politive, and

that of the other negative ; this will likewife be

the cafe when it is taken out of boiling water,

and fuffered to cool ,* but the fide that was pofi-

tive while it was heating, will be negative while

it is cooling, and the lide that was negative,

will be pofitive.

If a Needle, which is accurately ballanced

and suspended so as to turn freely in

a vertical Plane, be rendered magneti-

cal, the North Pole will be depressed,

and the South Pole elevated above the

Horizon. This Property is called the

Dip of the Needle.

Fig. hi, HO reprefents an horizontal line

placed in the magnetic meridian d e,
a line at

right angles to it, b a the fituation a needle would

take at London with refpcCt to the horizon,

making
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-making with the horizontal line an angle of 72
with the vertical line.

This property was difcovered by Robert Nor-
man, abqut the year 1576. We fhall give the

account of the difcovery in his own words.
t( Having, fays he, made many and divers

compaffes, and ufing always to finifh and end

them before I touched the needle, I found con-

tinually that after I had touched the yrons with

the ftone, that prefently the north point thereof

would bend or decline downwards under the ho-

rizon in fome quantity
; infomuch, that to the

flie ol the compafs, which before was made
equal, I was (fill conftrained to put fome fmali

piece of wax in the fouth part thereof, to coun-
terpoife this declining, and to make it equal

again.

<f Which effecft having many times pa (Ted my
hands- without any great regard thereunto, as

ignorant of any fuch property in the ftone, and
not before having heard nor read of any fuch
matter; it chanced a< length that there came to

my hands an inftrument to be made, with a

needle of lix inches long, which needle after I

had pobfhed, cut of at juft length, and made
to dand level upon the pin, fo that nothing
relied hut only the touching of it w ith the (lone :

when I had touched the fame, prefently the

north
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north part thereof declined down in fiich fort,

that being conftrained to cut away feme of that

part to make it equal again, in the end I cut it

too fhort, and fo fpoiled the needle wherein I

had taken fo much pains.

“ Hereby being ftroken into fome cholar, I

applied myfelf to feek further into this effed,

and making certain learned and expert men (my

friends) acquainted in this matter, they advifed

me to frame fome inllrument, to make fome

exad trial, how much the needle touched with

the done wrould decline, or what greateft angle it

would make with the plane ot the horizon.

Thus far Mr. Norman.

The dipping needle, reprefented fig. 1 1

2

,
was

conftruded by Dr. Lorimer, and is deferibed in

the Philofophical Tranfadions, vol. lxv. part i,

page8i. It appears to me better calculated for

the fea fcrvice than any other I have feen ;
it is

lefs liable to be affeded by the motion of the

fhip, than thofe which are fufpended by gimbols

fixed to the upper part of the inllrument, beiides

other advantages which are derived from the

double motion of the needle. The needle a b

plays vertically upon , it’s own axis, which has

two conical points, which are inverted into the

oppofite lides of the upright parallellogram r d ;

into this parallellogram, and at right angles to

6 it*
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it, a (lender brafs circlefgh is fixed
; this cir-

cle is filvered and graduated to every half degree

upon which the needle fhews the dip : this, for

the fake of diftinction, is called the circle of the

magnetic inclination. The brafs parallellogram,

and confequently the circle of inclination alfo,

turns horizontally upon two other points, the

one above and the other below, in correfponding

fockets in the parallellogram
; thefe points are

fixed in a vertical circle / /, which is of fuch a

diameter as to allow the circle of inclination and

parallellogram to move within it. This fecund

circle may be called a general meridian; it is

not graduated, but has a finall brafs weight fixed

to the lower part of it, to keep it upright, and

the circle itfelf is fcrewed at right angles, into

another circle of equal external diameter, which

is filvered and graduated on the upper fide to

every half degree. It reprefents the horizon, as

it fwings freely upon gimbols, and is always

nearly parallel to it.

The ufe of this infirument is very plain, as the

inclination or dip is at any time apparent from

infpedtion, and alfo the variation, if the frame

is turned round till the great vertical lines meet

exa&ly in the plane of the true meridian : for the

circle of inclination being always in the needle’s

vertical plane, the edge of it will evidently point

3 F out
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out upon the horizon the variation E or VV'.

But at fea, when there is not too much motion,

you turn the frame round, till the vertical circle

is in the plane of the fun’s rays; that is, till the

fhadow of one fide of it juft covers the other,

and the edge of the circle will then give the mag-

netic amplitude, if the fun is rifing or fetting,

but the azimuth at all times of the day ; and the

true amplitude or azimuth being found in the

ufual way, the difference is the variation. II the

motion is coniiderable, obferve the extremes of

vibration, and take the mean for your magnetic

amplitude or azimuth. This inftrument has a

conftant power in itfelf, not only of fetting itfelf

in the proper pofition, but alfo of keeping itfelf

fo; or of reftoring itfelf to the fame fituation,

if at any time it has loft it ;
and it is curious to

fee how, by it’s double motion, it counteracts, as

it were, the rolling motion of the veffel. The

degrees fliewn by each end of the needle fhould

be attended to, and the medium taken for the

true dip or variation : alfo apply a good artificial

magnet in fuch manner as to turn the parallel-

logram and circle of inclination halt way round

horizontally, fo that the end of the axis of the

needle, which before pointed to weft, fhall now

point to the eaft ;
and obferve where the needle

{lands, and if it differs from the preceding ob-

servation,.
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fervation, take the mean, which will be found

as near the truth as it is pofiible for any inftru-

ment to give.

Description of a Terella and of die

Magnetism of the Earth.

If a touched needle is placed near a magnet,

it’s direction to the magnetic needle is fufpen-

ded, and it affumes a direction relative to it’s

Etuation and diftance from the poles of the

magnet.

Experiment xxvi.—Place a fmall needle on

the pointed end of the brafs hands, and then

bring it near the magnet, and the needle will

dire& itfelf differently, according to the diftance

from the poles of a magnet ; or,

Move the fmall dipping needle over a magnet,

and by it’s varied fituations it wall illuftrate the

foregoing obfervation ; or,

Thefe relative fituations and tendencies may

be plealingly obferved, by placing feveral touch-

ed needles round a magnet at the fame time.

Fig. 1 13, AB reprefents a magnet, B the

north pole, A the fouth
;
bay bay bay &c. feveral

fmall magnetic needles placed round the fouth

pole of the magnet ;
ab t

ab
y
ab

t
limilar needles

2 F 2 placed
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placed round the north end ; a the north pole of

thefe needles, b the fouth pole, c the center on

which they turn. From this experiment may be

derived others, accurately invedigating the

nature of the magnetic curves.

Now, if the earth is a great magnet, or if a

large magnet is placed within it, we fee from

the foregoing experiment, that magnetic needles

placed on it’s furface would have different direc-

tions in dilTerent places, which is conformable

to experience ;
and the apparent irregularities

in the variation of the needle mud be occafioned

by the fituation of the magnetic poles of the

earth.

If the magnetic poles agreed with thofe of the

earth, there would be no variation, and the mag-

netic needle would point to the true north and

fouth. If the axis of the magnetic poles paffed

through the center of the earth, it would be eafy

to affign the quantity of the variation at every

place ;
but as this is not the cafe, to account

regularly for the variation, it would be neceffary

to know the exa& fituation of the magnetic poles

of the earth, their number, force, and didance

from the real poles, whether they fliift their

place, and if they move, the quantity ofmotion

every year.

Dr. Haller fuppofed the earth to be an hollow

fpherc^
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fphere, with an internal nucleus in the cavity; he

looked upon each part (the external and inter-

nal) to be a feparate magnet endowed with two

poles, and whofe magnetical axes were not coin-

cident. A compafs needle on the furface of the

globe would be acted upon in the fame manner

as it would be by a magnet with four poles, and

thus explains the variation. But as the variation

changes in procefs of time, he fuppofed that the

poles do not keep the fame pofition with refpe6t

to the furface of the earth and one another, and

accounted for this motion, by fuppofing that the

diurnal motion of the earth was imprelfed from

without, and that the velocity of the internal

part was lefs than the external. Therefore the

nucleus would feem to turn fiowly towards the

weft, and it’s poles deferibe fmaller circles round

the poles of the earth. And as the relative pofi-

tion of the four magnetical poles to each other,

and to the poles of the earth, is changed, fo mult

the direction of the needle be varied.

Mr. Euler, who has confidered the fubjetft in

every point of view, and treated it with greater

perfpicuity than any other writer, fees no reafon

for adopting fo laborious and complicated an

hypothecs. He thinks that every thing may be

accounted for by two magnetic poles which are

not direftly oppofite to each other, or whofe

magnetic
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magnetic axis does not pafs through the axis

of the earth* whereby he avoids many difficul-

ties with which the other theory is incumbered.

In order to inveftigate the phenomena of the

variation and the dip of the needle, Gilbert, who

fuppofed the earth to be a magnet, ground a

ioadftone into a round figure, like a globe, which

he called a terelia or little earth, as it exhibited

in fome degree the fame phaenomena which take

jplace on the different parts of the furface of the

earth. But little progrefs, however, was made

with this inftrument, as it did not fufficiently

correfpond with the nature of the earth’s mag-

netifm. It has fince received feveral improve-

ments from Mr. Magellan, but Bill remained

very defective. The following improvement

by Dr. Lorimer will, I hope, prove of effential

fervice, in difeovering the laws by which the

myfterious properties of the magnet aredireded.

This terelia con lifts of a twelve inch terreftrial

globe, fa contrived that the two hemifpheres

may be feparated or united at pleafure. Two

ftrong artificial magnets are placed within the

globe, in correfponding lockets at the center of

each hemifphere, but fo fitted, that while they

ad as one magnet, their extremities or ends may

be placed in various pofitions, and moveable to

any latitude within 30 degrees of the pole, and
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are likewife moveable round the axis to any de-

gree of latitude at pleafure.

Mr. Savery has adduced feveral inftances to

fhew the force and a6tion ot the earth s mag-

netifm; among others, that it will fupport fmali

pieces of iron. He hung up a bar of iron, about

five feet long, by a loop or fmali cord, at the

upper end, and then carefully wiped the lower

end, and the point of a nail, that there might

be no dull or moifture to prevent a good con-

ta£t ;
then holding the nail under tne bar, with

it’s point upward, he kept it clofe to the bar,

holding only one finger under it s head for the

fpace of thirty or more feconds, then withdraw-

ing his finger gently downwards that the nail

might not vibrate ; if it fell off, he wiped the

point as before; and tried fome other part of

the plane at the bottom ol the bar. If the ends

are fimilar, and the bar has no peimanent vir-

tue, it is indifferent which end is downwards

;

if it has an imperfeft degree of polarity, one end

will anfwer better than the other.

Experiment xxvir.
—

'The upper end A of 3

long iron rod, which has no fixed polaiity, will

attradl the north end of a magnetic needle ; tne

under end B repels the north end of the needle;

invert the iron bar, and the end B, which is

now4
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now the upper one, will attract the north pole

of the needle that it repelled before
; the cafe is

the fame, if the bar is placed horizontally in the

magnetic meridian, the end towards the fouth

will be a north pole.

Iron bars of windows, which have remained

long in a vertical pofition, acquire a fixed po-

larity. Mr. Lewcnhoek mentions an iron crofs,

which had acquired a very ftrong polarity.

Mr. Canton propofed to make artificial magnets

without the afTifiance of natural ones; but in

this he was miftaken, for his poker and tongs

were natural magnets, and had their verticity

fixed by being heated and cooled in a vertical

pofition ;
and an iron or fieel bar, though with-

out a verticity, while it remains in that pofition,

exerts a polarity, and is able to communicate a

fixed verticity to the fmall bar, and is therefore

for the time a natural magnet. And further,

every iron bar, from the largeft fize to a fix-

penny nail, will exert this power when treated as

above mentioned. But how this power is raifed

fo foon to a degree greatly exceeding that which

communicated it, we do not know ; nor is it more

eafy to account for the facility with which the

magnetic power is withdrawn by a frkfiion con-

trary to that which gave it.

The
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The Magnetic Matter moves in a Stream

from one Pole to the other, internally,

AND IS THEN CARRIED BACK IxN CURVED

Lines, externally, till it arrives again

at the Pole, where it first entered, to

BE AGAIN ADMITTED.

Experiment xxviii.

—

-Put one of the glafs

panes over a magneticai bar, fife Peel filings on

the glafs, then firike the glafs gently, and the

filings will difpofe themfelves in fuch a manner

as to reprefent, with great exadtnefs, the courfc

of the magnetic matter. The curves by which

it returns back to the pole, where it firft en-

tered, are alfo accurately expreffed by the ar-

rangement of the filings. The largefi: curves

rife from one polar furface, and extend to the

other; they are larger in proportion as they rife

nearer the axis or center of the polar furface

;

the curves, which arife from the lides of a mag-

neticai body, are interior to thofe which arife from

the polar furfaces, and are fmaller and fmaller in

proportion to their difiance from the ends. That

the magnetic matter does move back, in a direc-

tion contrary to that with which it paffes through

the magneticai body, is confirmed by it’s acfiion

on a fmall compafs needle, when prefented to

it at different places. See fig. 103.

3G The
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The greater the difiance is between the poles

of a magnet, the larger are the curves which

arife from the polar furface.

The immediate Cause why two or more

Magnetical Bodies attract each other,

is the Passage of one and the same Mag-

netical Stream through them.

Experiment xxix. — Let two magnets be

placed at fome diftance from each other, the

fouth pole of one oppofed to the north pole oi

the other, lay a pane ol glafs over them, and

fprinkle it with fteel filings, then flrike the pane

gently with a key, and the filings will arrange

themfelves in the diredion of the magnetic vir-

tue. The filings which lay between the two po-

lar furfaces, and near the common axis, arc dif-

pofed in ftrait lines going from the north pole

of one, to the fouth pole of the other : the pores

being now in the fame dire dion, fo that the fluid

which pafles through A B, fig. 104, finds the

pores at the pole a open to receive them, it will

therefore pafs through this, and coming out at

l> will turn towards A, to continue it s ftieam

through the magnet, and thus form one atmo-

fphere or vortex, which preffed, on all fides, by

the elaftic force of the other, carries the magnets

towards
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towards each other. At different di fiances from

•the axis the tilings defcribe regular curve lines,

which run from one pole to the other, and di-

verge from each other in moving from the fbuth

pole, till they come half way
;

they then con-

verge more and more, till they arrive at the

north pole. If the oppofed poles are difiant

from each other, fome arches will pafs from one

pole to the other of the fame magnet; fewer

will be formed in this manner if they are brought

nearer together, and more will proceed from one

magnet to the other ;
the ftream of the mag-

netic matter will feem more concentrated and

abundant.

Experiment xxx.—While the magnets re-

main in the foregoing pofition, place a fmall

untouched bar or needle in the ftream of the

magnetic virtue; this will pafs through it, and

give it a polarity in the direction of the ftream.

Experiment xxxi.—On the fame principle,

a large key, or other untouched piece of iron,

will attraefi and fupport a fmall piece of iron,

while it is within the fphere of action ofthe pole

of a magnet, but will let them fall when it is out

of the magnetic ftream.

3 G 2 Experiment
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Experiment xxxii.

—

A ball of fofc iron, in

contact with a magnet, will attraft afecond ball,

and that a third, till the dream becomes too

weak tofupport a greater weight.

Experiment xx-xii i.-—Place two magnets

parallel to the horizon with two poles of the fame

name oppofed to each other, and their didance

in proportion to the (trength of the magnets
;
fuf-

pend a needle nicely ballanced on a thread be

tween them, and either pole will attract the

needle notwithstanding their mutual repul (ion.

Experiment xxxiv.

—

Put into motion one

ofthe fmall whirligigs with an iron axis, and then

take it up by a magnet ; it will preferve it’s

rotatory motion much longer than if it were left

to whirl on the table
; a fecond and a third whir-*

ligig may be fufpended one under another, ac-

cording to the (trength of the magnet, and yet

continue in motion.

Experiment xxxv.

—

Place a magnet upon

each of the brafs (lands, with their poles of

contrary names oppofed to each other, and a

pleafing chain of iron balls may be fufpended

between them. Prefent either pole of another

magnet towards them, and they will fall down.

Experiment
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Experiment xxxvi.—Place two bars in a

line with the north end of one to the fouth end of

the other, and about one third the length of the

bar dillance from each other, to which diftance

the power teems to be feparated in mod bars ;

place the glafs panes on thefe bars, and then fift

the tilings over them, and they will range them-

felves between the bars, in the fame manner

they are ranged about the middle of each

bar,* (hewing that when the powers are fepa-

rated to this didance, they act much in the

fame manner as when they are feparated in the

fame bar.

Magnetic Repulsion arises from the

Accumulation of the Magnetic Fluid,

and the Resistance formed to it’s En-
trance in the Magnet.

Experiment xxxvii.

—

If the two poles of the

fame name of two magnets are brought near to

each other, and placed under a pane of glafs, on

which iron filings have been drewed, the filings

will be difpofed into curves, which feem to turn

back from each other towards the oppofite pole.

The fluid, which proceeds from B, fig. io^,

meeting with rcfidance from the pores at D, is

forced
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forced to turn back, and circulate round it’s own

magnet, and thus form two atmofpheres, which

aCt againft each other, in proportion to the force

and quantity of the dream which paffes through

the magnets.

Experiment xxxviii.—Take a fteel needle,

with a very fine point, and rub it from the eye to

the point five or fix times with the north pole of

a magnetic bar; the eye will be the north, and

the point the fouth pole of the needle.

The attraction and repulfion of magnets is

not hindered or increafed by the interpofition of

any body whatever.

Experiment xxxix.

—

Dip one point of the

needle in fteel filings, and it will take up a con-

f\derable quantity. Take the magnetic bar in

one band, and the needle with the filings in the

other, hold them parallel to the horizon, with

the point of the needle near the fouth pole of the

magnet, and the fteel filings will fall from the

point of the needle ;
as foon as the filings drop

off from the point, withdraw it from the fphere

of adtion of the magnet, and the point will be fo

far deprived of it’s attractive quality, that it will

not again attraCl the fteel filings. If the needle

is not taken away, but continues for a few minutes

6 about
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about half an inch from the bar, the polarity of

the needle will be changed.

"

Experiment xl.—Place two magnets clofe

to each other, with the north and fouth poles

conjoined together, in this fituation the magnetic

power is io far counteracted or condenfed, as to

have very little efteft on iron, hardly fuftaining

the fmalleft piece ;
feparate the magnets half ail

inch, and they will fupport a piece of iron ;
clofe

them, and they will let it drop.

Experiment xli.—Sufpend two fewing needles

from the pole of a magnet, and the needles will

diverge ;
the repulfion will be augmented by the

addition of another magnet ; it is alfo increafed

by applying a bar of iron to the oppofite pole of

the magnet, and diminifhed by applying it to the

fame.

Experiment xlii.—Bring a bar of iron

towards the extremity of the needles, and their

repulfion will be augmented.

Experiment xliii.—Sufpend by a thread

the light cylindrical bar G D, fig. 114, which

has a round head at each end, and place it at a

little

* Farther Proofs, See. by Mr Lyon, p. 60,
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little diftance from the magnet M, then bring

an iron wire EE, near the lower head D, and

the cylinder will be repelled, but will be attract-

ed by the fame wire if it is brought near the

tipper head.

Experiment xliv.—Hang a number of

balls to each other, by applying the firft to the

north pole of a magnet, prefent the fouth pole of

another magnet to one of the middle balls, and

all thofe below it will thereby be deprived of the

magnetic ftream, and fall afunder ; the ball to

which the magnet was applied will be attracted by

it, and all the others will remain fnfpended. It

the north end of the magnet be prefented, then

the ball, to which it is applied, will alfo drop.

A lingular fa£t is related by fome ancient

writers on magnetifm : That it two loadftones,

a ftronger and a weaker, have their repellent

poles brought together, the weaker will have it s

power confufed, and will not come to itfelf for

fome days ;
the polarity of the part, in contact,

becomes inverted by the ftronger power ;
but as

that power reaches but a little way beyond the

polar furface, the unaltered power, in the remain-

ing part of the ftone, is able, by it's contrary

force, to reftore the confufed part of the ftone in

a few days.

It
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It does not appear that there is any certain

Jaw of attraction peculiar to magnetifm 3 for in

different pairs of magnets, the force will vary

at different diftances. The magnetic attraction

is not to be computed from the center of the

magnets, but from the center of the pole.*

Though many experiments have been made to

difcover, whether the force by which two

magnets are repelled or attracted, adts only to a

certain diftancc; whether the degrees of it’s

adtion within, and at this diftance, is uniform or

variable, and in what proportion, to the diffances

it increafes or diminifhes
;
yet w?e can only infer

from them, that the magnetic power extends

further at fome times, than it does at others*

and that the fphere of it’s adtion is variable.

The fmaller the loadftone or the magnet is,

the greater is it’s force, ceteris paribus,
in

proportion to it’s fize. When the axis of a

magnet is fhort, and of courfe it’s poles very

near, their adtion on each other weakens the

magnetic force. A variety of other caufes will

alfo occafion great irregularity in the attraftion

of magnetifm. If one end of a magnet is dipped

in Heel filings, we fhall find that they are* very

g H feldom

* The magnetic effc£ts of the contrary pole mud be alfo

cnnfiderecl in eflimating the forces ol magnetic attraction and

repulfion.
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feldom diftributed with uniformity, but difpofed

in little tufts, fome places more thick than others.

The force of magnetic attra&ion between the

fame magnets, and at the fame diftance, may

be varied by turning the magnets on their axis,

and making different parts of the polar furfaces

regard each other. If a ftrong magnet be applied

to a weaker, a kind of repuliion feems to take

place even between two poles of the fame name,

but it’s force is overpowered by the attraction of

the ftronger.

Experiment xlv.

—

If a touched needle is

placed near a magnet, it’s direction to the mag-

netic meridian is fufpended, and it affumes a

direction relative to it’s fituation and diftance

from the poles of the magnet. Place a fmall

needle on the pointed end of one of the brafs

Hands, and then bring it near the magnet, the

needle will direCt itfelf differently, according to

it’s diftance from the poles of the magnet. Thefe

relative lituations and tendencies are more

pleafingly obferved by placing feveral touched

needles round the bar at the fame time. The

motion of the fmall dipping needle further

illuflrates this proportion, from the three lad

experiments various others of conliderable im-

portance may be derived for accurately invefti-

6 gating
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gating the curves, according to which the

magnets a6t, and illuftrating further fome of the

intricate branches of magnetifm.

The northern magnetifm is deftroyed by the

communication of the fouthern, and vice verfa.

Hence it is clear, that the two magnetic powers

counteract each other, and that if both be

communicated to the fame arm of a magnet, the

magnetifm acquired by the arm will be that of

the ftrongeft, and as the difference between the

two powers.

Two lfrait magnets will not be weakened, if

the) are laid parallel to one another, with poles

ol the oppolite denomination correfponding to

each other, the ends being connected together
7 O O

by pieces of iron, which will keep up and facilE

tate the circulation of the magnetic fluid through

them ;
but thev fhould never be buffered to touch

each other, except when they lie in the fame

direflion, and with poles of contrary names.

A fingle ffrait magnet fhould be always kept

with it’s fouth pole towards the north, or down-

wards, in the northern magnetic hemifphere,

and vice verfa in the fouthern hemifphere. Iron

fhould never be lifted but by the fouth pole of

a ftrait magnet in this hemifphere of the world.

Every kind of violent percuflion weakens

the power of a magnet ;
a Ifrong magnet has been

3 H 2 entirely
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entirely deprived of it’s virtue by receiving feveral

fmart ftrokes of a hammer ; indeed, whatever

deranges, or difturbs the internal pores of a

magnet, will injure it’s magnetic force, as the

bending of touched iron, wires, &c.

Experiment xlvi.—Fill a fmall dry glafs

tube with iron filings, prefs them in rather clofe,

and then touch the tube as if it was a fteel bar,

and the tube will attract a light needle, &c,

{hake the tube fo that the fituation of the filings

may be difturbed, and the magnetic virtue will

vanifh.

Experiment xlvii.—But though a violent

percufiion will deftroy a fixed magnetifm, yet

it will give polarity to an iron bar which had

none before ;
for a few fmart flrokes oi an ham-*

mer, on an iron barr will give it a polarity, and

by hitting ftrft one end of the bar, and then the

other, while it is held in a vertical firuation,

the poles may be changed. Twill a long piece of

iron wire backwards and forwards feveral times,

then break it off at the twifted part, and the

broken end will be magnetical.

Experiment xlviii.—If a magnet be cut

through the axis, the fegments, which were

joined
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joined before, will avoid and fly from each

other.

Experiment xlix.—If a magnet is divided

by a feftion perpendicular to the axis, the parts

which were joined before will have acquired

contrary poles, one north, the other fouth, thus

generating a new magnet at every feftion.

From thefe, and limilar experiments, Mr.

Eeles infers, that magnetifm conlifts of two

different diflinft powers, which in their natural

fhite are conjoined, and exert but little fenfible

aftioin, and ftrongly attraft each other at all

times ; but when they are feparated by force,

they aft like thofe of eleftricity ; for if mag-

netifm is excited in twTo different pieces of fteel

by the fouth pole of a magnet, the ends repel

each other ; but if one piece be excited by the

north pole, and another by the fouth, they will

attraft each other. He further fuppofes, that a

magnet attrafts, and is attrafted, not entirely

according to it’s own ftrength, but according to

the quantity of iron to be attrafted •/ and that

magnetifm is a quality inherent in all iron, and

of which it cannot be divefted ; for fire, which

will deftroy a fixed magnetifm, does not deprive

it of it’s natural quantity ; on the contrary, it

will give it a polarity, or fixed magnetifm, ac-

cording
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cording to the manner of heating or cooling of

the iron.

The powers of magnetifm, like thofe of elec-,

tricity, are excited and feparated by fridion.

This effed is wonderful in both, but more fo in

magnetifm, where two powers, naturally attract-

ing each other, remain feparated in the fame

Heel bar for many years, and yet they may be

reduced to their natural ftate by the fridion of

two other magnets, ading in a contrary order to

that by which the poles were originally fepa-

rated,

Magnetifm and eledricity ad ftrongeft at

corners, edges, and points.

Magnetifm may be communicated to a fmall

{feel needle, by paffing the difeharge of a large

battery through it.

The difeharge of a battery through a fmall

magnetic needle will fometimes deftroy the mag-

netifm, and at other times invert the poles of the

magnet, which has alfo been frequently effeded

by lightning.*

Experiment l.—Place a magnet M, fig.

115, at a given diftance from the needle A B,

fig. 1
1 5, that it makes the needle deviate from

the meridian N C to C B, forming an angle N
CB

* See EfTay on Eledricity, p. 150.
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C B of 40 degrees. Now apply a bar of iron I

to the magnet M, fo that it may be perpendicular

to it, but only covering half the breadth of the

magnet, and the needle will go back to 30
degrees.

Experiment li.—Place on the other fide z

bar Y, exadly fimilar to the bar I, and fituated

in the fame manner; the needle will be very little

affeded, nay, by altering a little the fituation of
the bar, the needle will not be at all affeded by
it.

Remove the bar Y from the magnet by a
parallel motion, and the needle will approach
Hill nearer the meridian, or, in other words, the

adion of the magnet will be weaker.

Experiment lii.~Place a magnet M, fig.

1 16, at fome dillance from the needle A B, and
parallel to the magnetic meridian N S, the

needle will deviate from it’s fituation ; now
approach flowly towards the needle with a bar

of iron, moving it in the equator of the needle,

and the attradion of the needle to the magnet
will be diminifhed, till a fmall part of£ of the

iron bar gets beyond the magnet ; when it’s adion
will be confiderably increafed, and the needle

more flrongly attraded.

Experiment
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Experiment liii.—Place a magnet fo that it

may attract a needle by it’s fouthpole, place one

end of a bar of iron on the north pole of the mag-

net and it will immediately attradt the needle

\tfith more force.

Experiment liv.—Place a ftrong magnet at

fome diftance from a magnetic needle, fo that

it may either not adt on the needle or elfe make

it deviate only a certain quantity from the meri-

dian ;
apply a bar of iron to the magnet, placing

the bar between it and the needle, and the needle

is immediately agitated.

Experiment lv.—-Let the magnet be placed

fo near to the needle as to produce a fenfible

effect on it, then place the bar of iron on the

pole of the magnet, deferibe a circle with the

bar of iron, and the adtion of the magnet ap-

pears to be weakened, and the needle returns to

the fituation it had before the magnet was placed

near it.

Experiment lvi—Place a bar of iron be-

tween a magnet and the needle, fo that it may

be perpendicular to the magnet ;
and the need e

endeavours to recover it's true fituation, and
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even returns to it, if the bar be thick enough,

or if two or three more are interpofed.*

* Van Swinden, Memoire fur l’Ele&ricite et le Mag*

netifme.

MAG
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MAGNETICAL RECREATIONS.

Box of Metals.

EIIS box contains five metallic tablets, of

the fame fhape and fize, that they may be

placed indifcriminately into fimilar holes made

in the bottom of a box. One of the tablets is

gilt to reprefent gold, the fecond is filvered to

reprefent filver, the third is of copper, the fourth

of tin, and the fifth of lead. A fmall magnetic

bar is inclofed in each of thefe pieces of metal,

but is placed in a different fituation in each piece.

Another part of the apparatus is a fmall mag-

netic perfpe&ive, furnifhed at bottom with a

magnetic needle, fimilar to thofe in fmall com-

paffes ; a piece of paper is palled at the bottom

of the perfpective on the infide, on which are

marked the initials of the different metals ;
thefe

initials are fo placed as to correfpond with the

magnets which are inclofed in the metals. It

this perfpe&ive be placed over any of the tablets,

fo that the north and fouth line is perpendicular

to the front of the box, the needle will point to

the initial letter of the metal over which it is

S
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placed. Prefent the box to any one to difpofe of

the tablets as he pleafes, then to ihut the box,

and to return it you ;
when by means of the per-

fpeaive you will be enabled to tell him how he

has placed them.

Communicative Mirror.

This apparatus confifts of the perfpective and

fland reprefented NOLMK, lig- iiH, four

tablets as R, and a fmall box AB with a drawer

to hold one of the tablets.

A fmall circular card with a touched needle,

and on which are placed four pictures at right

angles to each other, plays on a pivot in the

foot MK of the perfpeaive. Over part of this

card is a hole, the center of which coincides

with the center of the tube L N. An inclined

mirror is fixed in the perfpedlive N O, fo as to

be diredtly over the above-mentioned hole.

There are alfo four tablets, on each of which a

fmall pidlure is palled limilar to thofe on the

card, and a magnetic bar inclofed in each. II

one of thefe is placed in the drawer of the box

A B, and the perfpedtive over that, as in fig. 1 1 8
,

and the fore part is then preffed down to difen-

gage a fpring which is within the foot, then will

the card place itfclf fo as to correfpond with the

^ I 2 tablet
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taolet in the drawer, and a fimilar figure will be

feen by looking in at the eye end of theperfpec-

five. Confequently, if you prefent the four tablets

tp «my pei fon, defiring him to place any one of

them in the drawer and conceal the others, then

fhut the drawer and return it; now place the

perfpedtive in a box, and prefling the part T as

above-mentioned, and you may fhew him the

figure on the tablet he placed in the drawer, in

the eye end of the perfpedtive.

Thefe, and many other recreations of this kind

will be found in <f Hooper’s Rational Recre-

ations,” the greater part of which I have executed

w7ith improvements.

Of the Action of the Magnetic Atmosphere.

The pole of a magnet produces, on the part of

a bar to which it is applied, the pole of a con-

trary name : therefore, if two bars fully touched

have the poles of the fame name joined together,

they tend to produce on each other a force of a

contrary name to that with which they are en-

dowed ; and this effect will diminifh the polar

force of each bar; confequently the magnetic

force of each longitudinal element of an artificial

magnet diminifhes as it’s bulk is increafed, and

the total force of two magnets fully touched, and
t V •

I

of
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of the fame length but unequal in bulk, will be

in a lefs ratio than that of their mafs.

If the magnet does not touch the bar, but is

held at fome diftance from it, the phenomena

will be the fame; but the bar will acquire lefs

magnetifm than when it was in contact with the

magnet.

Each point of a magnet may be looked on as

the pole of a fmaller magnet, tending to produce

on the points of the magnet a force contrary to

it’s own. The effed of this tendency will be

greater, in proportion to the force of the point,

and it’s nearnefs to thofe points on which it ads;

and the force of a magnet will depend on the

reciprocal adion ofthefe points on each other.

The adion of a magnetic point is increafed

according as the intenfity ofthe other points on it

-ipereafes, as their number is greater, and their

diftance from it is lefs. The more the magnetic

points are (from the figure of the magnet) brought

together, and the ftrongcr their adion on each

other in order to deftroy their reciprocal forces,

the weaker is the force of each point.

Hence in two bars of the fame weight and

length the broadeft will be the moll powerful,

becaufe it’s longitudinal fibres are more inf-

lated.

If a bar is divided into two parts, each will

receive
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receive a greater degree of magnetifm than when

they were united.

From the fame analogy we may infer, that the

exterior points and edges of a magnet will have

more power than the interior ones of the fame

bar, as they are alfo more infulated.

A bar is faid to be faturated with magnetifm,

if when fufpcnded freely in an horizontal poiition

it continues to make the fame number of ofcil-

lations in the fame time, though continued to be

rubbed with a magnet. As each point of a mag-

net tends to deftroy the magnetifm of the neigh-

bouring parts, the bar appears to be in a forced

or unnatural ftate, and the magnetic fluid en-

deavours to fpread itfelf over the bar in an uni-

form manner, and confequently to weaken and

deftroy it’s powers. The greater part of what

has been faid on the adtion of the particles of

magnetifm on each other will be found equally

applicable to electricity.

F 1 N I S.
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A.

ACHARD, Mr. bis experiments on the elec-

trophorus 206 to 212. obfervations on the

atmofphcre 265. experiments to prove that bo-

dies are charged with electrical matter only in

proportion to their furface 339.

Air inflammable 96. plate of, charged 140, 199.

various experiments with 332.

Amalgam, howto apply 35. of what made 39.

Apparatus for experiments on attraction 53. for

firing inflammable air 98. combined for ex-

plaining the theory of the Leyden-bottle 119.

for medical electricity 3 13. to fet wire on fire

by theexplofion in dephlogiflicated air 372.

Appearances on electrified points 103. reafon of

it 104.

Atmofpherical electricity 239 to 250. diurnal 250.

of the evening dew 252. obfervations on ditto

by Cavallo 255.

Atmofphcre magnetical 452.

Attraction, experiments on n to 14, ^.proper-
ties of illuflrated 51, 52, 72, 73, zones of 59,

60, 61. of feathers 63. balls 69. thread 69, 70.

brafs hoop 70. paper images .71, 73. leafgold

74 >
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74, 75. of Elk ribbons 63, 64, 65. of mag-

netifm 384 to 386, and 389.

Attraction and repulfion ele&rical not accounted

for 79. a new theory of 82. experiments on, in

vacuo 84.

Axis of a magnet 379.

B.

Ball and ring experiment^75. point experiments

on 172, 173.

Balls of pith, experiments with 54 to 61. and

glafs tumbler 78, 214. of cork 15, 130. box

with ditto 13 1

.

Barometer, double experiment with 298.

Battery electrical 147. wire melted by it 149,

152. Quire of paper perforated 149, 151.

needle made magnetic 150. its polarity de-

ftroyed or inverted 150. difeharged through a

chain 154. gold leaf melted 154. glafs broke

155. white wood torn in pieces 155. weights

raifed 156. lateral explofion 156. difeharged

through various circuits 157. through quick-

filver 160. and through water in a tube 161.

over the furface of water 162. ditto ice 162.

through a green leaf 162. over fpirits of wine

162. lengthens wire 163. gives a vibration to

water 163- forms prifmatic circles on metals

164. palfes through long circuits 164.

Beccaria on atmofpherical electricity 242.

Bells
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Bells ele&rical 75. mufical 76, 363.

Boards, coated, experiment with 177.'

Boats ele&rified 108.

Bottle fpotted 124. double 126. various experi-

ments on ditto 128. luminous 291. medical

3 r 5*

Bottle director 317.

Bran, experiment with 161.

Bullock’s bladder, experiment with 176.

C

Camphor, curious experiment with 331

.

Candle, experiment with 106. difcharge through

feveral 204.

Cannon eleftrical fired 330.

Cantons phofphorus 336, 337*

Capillary tubes, experiment with 282.

Cavallo
,

piftol recommended by 101. atmofphe-

rical ele&ricity 255. inftruments for ditto

257. condenfer 238. very fenfible electrome-

ter 260.

Ceca on atmofpherical ele&ricity 246.

Chain, experiments with 215, 347.

Circuits, various 157, 159, 160.

Cohefion, electric 66, 67.

Compafs, variation defcribed 413. experiments

on ditto 417 to 421. mariner’s 407. when

difcovered 408. needle docs not point exaftly

north 41 1.

3K Condenfer,
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Condenfer, eleCtrical 217 to 238.

Conductor, what 14. catalogue of 16 to 21. con-*

jeCtureson 22. negative and pofitive prime;

how applied to the ele&rical machine 3 1 . ex-

periments with ditto 41. luminous 136. for

buildings 169. obfervations on their aCtion

188 to 198.

ContaCt, to find the line of 36.

Cork balls, experiments with 1 5, 139*

Cotton, experiments with 77, 176.

Crane, eleCtric 107.

Cylinder turned by a multiplying wheel, advan-

tage of 29. directions for keeping clean 33.

D
Directors for medical purpofes 314. bottle 317

Difcharger, common, defcribed 46. jointed ditto

46. univerfal ditto 46. large 315.

E

EcleSy Mr. his hypothecs 45.

Electric powers to afcertain 54, 55 * counteraction

of 56. coexiftence of 58. cohefion 66, 67.

fpark 85. light 88. {hock 112.

EleCtrical machine defcribed 28. directions to

keep it in order 32. rope dancer 74. bells 75,

76. thermometer 48.

EieCtricity defined 19. of points 1 84. atmofphe-

rical 239 to 250. fimilarity with magnetifm

467.
EleCtrics,
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EleJtrics, what 12, 14. catalogue of 21. differ-

ent electricity produced by 23. fome charac-

terises of 24. diftinCtions not ftrongly marked

by nature 26. fluid not obtained when the

cufhion is infulated 41. vibratory motion of

62.

Eledtric fluid, to excite a large quantity of 34.

EleCtrometer, properties of 48* Einnerjley s dc—

fcribed 48. quadrant one ditto 49. Townf-

end's 50. rain 259. Cavallos atmofpherical

260. Achard ’ s 272. new one fimilar to Mr.

Brooke s 349.

EleCtrophorus 205 . experiments on 206 to 2 1 4,

227.

Equator of a magnet 379.

Evaporation produces eleCtricity 95.

Euler’s hypothesis on magnetifm 397.

Excitation, what 12. theory of 34. how to ex-

cite an eleCtrical machine'35 *

Explofion lateral 156.

F

Feathers, experiments with -68, 77, 203.

Firing fpirits of wine 94, 95 * turpentine 95 °

gunpowder 3-8, 3 2 9* a * r pi^-0^ 101 •

Flannel, experiment with 216.

Fluids, diffufion and fub-diviflon of 280. colour

of changed 352. how applied to medical pur-

pofes 31 8 to 327.

3 K 2 Flyer
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Flyer eleCtric io6, 107. compound ditto 107.

on Leyden bottle 1 3 1

.

Fogs eleCtrical 249.

Forceps elecftrical 315.

Fountain eleCtrical 285, 286.

Franklin, Dr. his hypothecs 44. objections to his

theory of attraction 45. ditto of the Leyden

bottle 140. dodtrine of points 103. atmofphe-

rical experiments 255.
\

G

Gamble, Mr. his experiment 362.

Glafs, eleCtric powers of 15.

Glafs ball, experiment with 75. folid piece broke

155. tubes filled with quickfilver i6r. tubes

filled with water 161. tube with oil 343.

impermeable to the eleCtric fluid 44, 1 43. per-

meable 144. tubes for medical ufe 314.

Gold leaf melted between flips of glafs 154.

Gunpowder fired by the eleCtric fpark 328. by a

jar or battery 329.

H

Hauxfbee, Mr. his experiments on eleCtric light

89.

Heat produces eleCtricity 310. and eleCtricity

compared 364.

llenly> Mr. on atmofpherical eleCtricity 249.

Higgins,
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Higgins, Dr. experiments made at his houfe 182,

183.

Hypothefis, Franklins 44. Eeles's 45. Euler on

magnetifm 379. another 381.

Halley, Dr. his fuppofition in order to account

for the variation of the magnetic needle 41 2.

I

Images of paper, experiments with 71, 73.

Impermeability of glafs 143.

Inflammable air 96. piftol for ditto 97. appara-

tus for ditto 98. lamp 332.

Infulation, what 14.

Infulating ftool 50. experiments on 93.

Iron attra&ed by the magnet 384.

Ivory ball, fpark through it 88.

K
Kinnerjley, Mr. his ele&rical thermometer 48.

experiment with 334.

Kite, electrical 255. experiments with 263. ge-

neral laws reduced from experiments with

kites 262.

L
Lateral exploiion 156.

Leyden phial, experiment with 111, 112. con-

fidered 113. fhock of, pafTes through feveral

perfons 113. effects of the coating 113. fpon-

4 taneous
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tancous difcharge 1

1
4. refiduum of 1

1
4. fhock

to avoid 1 1
4. Dr. Franklins theory of 115.

confidered in a different point of view 117.

that theory modified and explained by com-

bined apparatus 1 19. cannot be charged when

infulated 121. charged by adding electricity

on one fide and taking it from the other 1 21.

throws off as much from one fide as it receives

on the other 122. charged with it’s own fluid

122. two charged pofitively 123. one nega-

tively and one pofitively 123. further experi-

ments 124, 125. with moveable coatings 124.

double Leyden phial 126. ramifications of

electric light on it 126. chain of fhot 125.

fimple chain 126. contrary fiates of, eluci-

dated by the attraction and repulfion of light

bodies 129, 130. by the appearances of the

electric light 132, 133, 134, 135. direction of

thedifeharge 137. in vacuo 292.

Leyden vacuum 136.

Light, eleftric, experiments on 88, 89, 90. in

vacuo 287. appearances of 295.

Loadftone, what 377. artificial, to make 401.

Lorimery Dr. his dipping needle deferibed 424.

Luminous word 91. conductor 136. bottle 291.

M
Machine, electrical, deferibed 28. how to keep

it in order 32.
Magic
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Magic piture 345.

Magnets, artificial 378. axis of 379. equator of

379. their attraction with iron 384. attrafts

Heel filings 388. it’s poles 386. how touched

391. horfeftioe 399. armed 403. experiments

with 404. turn to the north 406. proved 406,

407.

Magnetic fvvan 385. ballance 386. properties

communicated to iron or (feel 391. attraction,

how occafioned 434. rcpulfion 437* experi-

ments on 437 to 440. recreations 450. atmo-

fpheres 452.

Magnetifm of the earth 427 to 432. magnetifm

how preferved 443. how deftroyed 443. fimi-

larity with electricity 445, 446.

Mariner’s compafs defcribed 407.

Medical eletricity 297. bottle 315.

Metals, box of 450. mug 214, 215.

Mirror, communicative 45 1.

Motion of the magnetic matter 433.

Moufe killed 305.

N

Needles made magnetic by an eletric fhock 1 50.

their polarity deftroyed or inverted by ditto

150. magnetic, their variation 410 to 422.

dip of the 422. dipping defcribed 424.

Negative
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Negative eleCtricity, what 1 5. negative and pofi-

tive electricity illuftrated 54.

Non-conductors, what 1 4.

Non-electrics, what 1 6 to 2 1.

O
Oil of vitriol, experiment with 108. of tartar

335. fallad oil in a glafs tube 343. ditto in a

difh 344.

P

Pail, eleCtrical 282, 283.

Paper, quire of, perforated by a fhock from a

battery 149, 151. gilt ditto, experiment with

215. images, experiment with 71, 73.

Permeability of glafs 144.

Phofphorus, Cantoris, experiments with 336, 337.

IVilforis 338.

PiCture, magic 345.

Piftol for inflammable air 96. experiments with

101.

Point, to obtain a fpark with 92. electrified,

experiment on 103. lucid cone 103. lucid ftar

103. wooden, effe&s of no. immerged in

fluids 108. entertaining experiments with 108,

point and ball experiment 172, 173.

Pointed conductors, their influence 169.

Poles of a magnet 386. how found 387. ditto

by a fmali dipping needle 3 S 8. contrary poles

attraCt
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attradl each other 389. like poles repel each
other 389.

Pofitive eleftricity, what 15. poiitive and nega-
tive illuftrated 40.

Powder-houfe, experiment with 330.
Prefs for melting metals 47.

Prieftley, Dr. his experiments on freezing water
62. on electric light 90. on elaftic fluids

35 2 *

Prifmatic circles formed on metals 1 64.

Q.
/

Quickfilver exploded by a fhock from the bat-
tery 160. experiments with drops of 284.
raifed in a thermometer by eledlric Iparks 310.

R

Repulfion, ele&ric* experiments upon ir to 15.
properties of 51, 52. experiments on 72, 73.
zones of 59, 60, 61. of feathers 68. of fmali
balls 69. and attra&ion, the caufe of it not
clear 79. different mode of explaining them
82. experiments on in vacuo 84. magnetic

437 t0 44° •

Ribbons, filk, experiments with 63, 64, 65.
Ronayne, Mr. his experiments on atmofpherical

electricity 248.

Rofin, experiments with 332.

3 L Savery,
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S

Savery, Mr. on the magnetifm of the earth 431.

Sealing-wax, experiment with 15, 40. curious-

experiments 285.

Shock eledrical, what 112. it’s effects on the

jnufcles 307* through flame of a wax taper

^8. a card 139. lour cork balls 139. a

painted card 139. through needles ftuck in

wax, putty, &c. 360, 361.

Smoke a conductor 95. accelerated and con-

traded by eledricity 346.

Spark eledric, treated of 85. why appears of a

zig-zag form 86. owing to the prefTure of the

atmofphere 87. varies it’s colour 88. through

an ivory ball 88. ditto of box wood 89. of a

green colour 90. forms a word 91. received

on a point 92. with a glafs tube 92. on dif-

charging rods 347. through different liquids

352. produces inflammable air 354.

Spider cledric 130.

Spiral tube 91. compound ditto 34S.

Spirits ofwine fired 94, 95.

Sponge wet, experiments with 283.

Stockings filk, experiments with 66, 67.

Stool, infulating 50.

Swan, eledric 108. magnetic 385.

T

Tartar, oil of, in a glafs tube 335

4
Tcrella
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Terella, defcription of 427, 430.

Thermometer, electrical 48. ifiercury raifed in

it 3 JO.

Thread, experiments with 69, 70. cone of 77,

W7-
Thunder-houfe, experiment with 174, 175.

Torpedo, electricity of 301

.

Tube, fpiral 91. compound ditto 348. capil-

lary 282, 283. glafs, ftrong fpark taken with

92. glafs, for medical purpofes 315.

Tumbler 78.

Turpentine fired 95.

V.

Vacuo, experiments on attraction in 84. bght in

287 to 295.

Vapour a conductor of eledlricity 96.

Variation compafs defcribed 414. of the needle

410. diurnal 416. experiments on ditto 41

7

to 422. irregular at particular times 416.

Halleys account of 41 2. Euler s ditto 41 2.

Vegetation haftened by electricity 299.

Vibratory motion of the electric fluid 82. of

water 163.

Folia, Mr. on electricity from evaporation 95.

r
' on circuits 165. electrophorous 216. on infu-

lation 216.

3 L 2
Water
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W

Water difperfed by the electric fhock 161. ex-

plofion over the furface of 162. agitated by
the fhock 163. experiment with a drop 284.

Wax taper, experiment with 138.

Wax, fealing, remarkable experiment with 40,
285.

Weights raifed by electricity 156.

IV'//on, Mr, his experiments on the permeability

of glafs 144. on conductors 179 to 1 83. ex-

periments on pointed and knobbed conductors

at the Pantheon 328. on phofphorus 338.
"Wire, melted 147, 152. in a glafs tube 153,

lengthened 163.

Word, luminous 91.
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MATHEMATICAL and PHILOSOPHICAL
INSTRUMENTS,

MADE AND SOLD BY

GEORGE ADAMS,
Mathematical Inftrument-Maker to His Majesty,

No. 6o} Fleet- Street, London.

Optical Inftruments.

THE beft double jointed filver fpe&acles
with glafles —

The beft ditto with Brazil pebbles —
Single joint filver fpe&acles with glafles

Ditto with Brazil pebbles

Double joint fteel fpedtacles with glafles

Another fort of ditto

Beft Angle joint fpeiftacles —

.

Ditto inferior frames —-

—

Nofe fpe£tacles mounted in filver

Ditto in tortoifefhell and filver

Ditto in horn and fteel —

_

Spectacles for couched eyes

Spectacles with fhades

Concave glafles in horn boxes for

lighted eyes
fiiort

i i o
1 16 o
0150
1 10 o
o ro 6076050036070040
o j o

Ditto
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Ditto mounted in tortoifefhell and filver,

pearl and filver, in various manners, and

at different prices

"Reading glafies, from 2s. 6d. to

Opera piaffes, from 10s 6d. to

Ditto Of an improved conftruaion

Concave and convex mirrors in frames, from

7s. 6d, to
.

Telefcopes of various lengths, fizes, and prices

Telefcopes to ufe at fea by night

Acrornatic profpefts, from 15s. to

Acromatic telefcopes, with brafs drawers,

which maybe drawn out at once, and that

fhut up, conveniently for the pocket, fiom

2I. 1 2s. 6d. to

jT. s. d.

2

2

1

2

2

I

O
o

o

18 18 o

1

2

1

1

12

6
6

13 *3

4 14

11 1 1 ci

18 18 O

An optical varie mecum, or portable acroma-

tic telefcope and microfcope, &c. for

tranfparent and opake objeas, &c. from

n\. 12s. 6d. to -
*

.

A thirty inch acromatic telefcope, with dif-

ferent eye pieces for terreftrial and celeihal

objeas, from 81. 8s. to

Ditto with rack work
f ,

An acromatic telefcope, about three feet and

an half long, with different eye pieces

Rcfleaing telefcopes of all the various fizes

A three foot refleaing telefcope with four

magnifying powers

A ditto with rack work . .

A two foot refleaing telefcope, with rack

work and four magnifying powers 21

A two foot refleaing telefcope, with two

magnifying powers
1

An eighteen inch ditto
^

A twelve inch ditto “ A ,

5

Double refleaing microfcopes, from 31. 13s- od.

to 2
Ellis’s aquatic microfcope

—
-Wilfon’s microfcope, improved — -

Adams’s lucernal microfcope for opake and

'

tranfparent objeas, being the moil perfea

36 *5
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o

2

12

o

o

o
o
o

o
o
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- X 5 0

inftiument of the kind hitherto contrived,

affording more entertainment and initruc

tion than any other inftrument

Solar microfcopes

Ditto for opake objedts’

Ditto -

Camera obfcuras, from I2s. to

Glafs prifms, from 7s. 6d. to

Magic lanthorns

Geographical and Aftronomical Inftruments.

Adams’s new eighteen inch globes mounted

Ditto in the Ptolemaic or common manner

Ditto, twelve inches in diameter, mounted
in the belt manner, from 5I. 5s. to

Ditto in the common manner

An armillary dialling fphere

Manual orreries, from il. is. to

Planetarium, tellurian, and lunarium

Adams’s improved equatorial dial, or port-

able obfervatory, fromyl. 17s. 6d. to

Plorizontal fun dials, from 5s. to

Univerfal ring dials, from 7s. 6d. to

Tranfit inftruments

Aftronomical quadrants, from 50I. to

27 0 0
6 6 0

6 16 6

3 3 0

40 0 G

3 13 6

3 1 10 0

3 1 10 0
12 12 0

3
0 0

800 0 0

Mathematical and Surveying Inftruments.

Cafes of drawing inftruments, from 7s. 6d. to 35 o o
Neat magazine cafes of inftruments - 11 11 o
Elliptical compaffes - - 44a
Beam compalfes with divifions, &c.
Triangular compaffes of a new conftiudtion

Adams’s fedtoral elliptical and callipper com-
paffes in one inftrument, from 4I. 14s. 6d. to 990

Adams’s protrading parallel rules, and uni-

verfal plotting fcale

Protradtors, fedtors, fcales, parallel rules, Ac.
A new inftrument for taking perfpedtive

views, Ac, 1212 o
A oittc
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A ditto for afcertaining points

Another inftrument for taking views
Pantographer, from 2l. 2s. to -

Plain tables, from 3I. 13. 6d. t0
Theodolites, from 4I. 4s. to *

A neat portable theodolite -

Adams’s improved double theodolite, ex-

ceeding, for accuracy and utility, every
former kind, from 12I. 12s. to

Meafuring wheels, from 61. 6s. to

Circumferenter, from 2I. 2s. to

£• s- <?>

2126
5 5
6 6

14 14-

3 1 10

8 18

o
o
o
o
6

31 10 o
10 10 o
15 15 0

Philofophical Inftruments.

Improved electrical machines, from 31. 13s. 6d.
to

EleCtrical machine and apparatus, in a box,
from 61. 16s. 6d. to

Medical apparatus

EleCtrical machines, with a feleCted apparatus,

in a box, from 7I. 7 s. to

Batteries, and all other parts of an eleCtrical

apparatus

Small fin-gle barrelled air pump
Small double ditto

A large ditto - - -

Table air pump - -

An improved air pump, fuperior to Srnea-

ton’s conftruCtion of the pump
Apparatus to an air pump, from 4I. 4s. to

Barometers -

Ditto -

Barometers, thermometers, from 3I. 3s. to

Marine barometers

Thermometers, in mahogany boxes, from
il. is. to -

Ditto with Reaumur- and Farrenheit’s fcales

Botanic thermometers

Thermometers for brewers, from 12s. to

Hygrometers, from 10s. 6d. to

40 0 0

12 12 0
2 2 0

3 1 10 0

4 14 6
6 16 6
10 10 0

3° 0 0
2 2 0
2 12 6

5 5 0

1 11 6

0 18 0
2 2 0

3 *3 6

The



Of INSTRUMENTS.

The mechanic powers, comprifed in a fmall

neat form - - - 2i

Ditto, fitted tip on a larger fcale, with im-

provements

An apparatus for making experiments on

accelerated, retarded, and rotatary motion

A mechanic apparatus fitted up for the pur-

pofe of inftruCting young people, &c. 2

6

A pneumatic apparatus, fitted up for the

fame purpofe - * 16

An electrical apparatus, fitted up on the fame

plan 7
A magnetical apparatus, from 2l. 12s. 6d. to 10

Conductors for ihips to preferve them from
lightning 5

»

n
O M
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